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7KLV�FKDSWHU�DGGUHVVHV�WKH�H[SRVXUHV
DQG�DVVRFLDWHG�ULVNV� WKDW�PD\�UHVXOW� IURP
XVLQJ� WKH� VXEVWLWXWH� EODQNHW� ZDVKHV�
6HFWLRQ� ���� FRQWDLQV� LQIRUPDWLRQ� RQ
HQYLURQPHQWDO�UHOHDVHV���3RWHQWLDO�UHOHDVHV
WR�DLU��DQG�ODQG�DQG�ZDWHU�DUH�GLVFXVVHG�IRU
HDFK�EODQNHW�ZDVK�� �6HFWLRQ�����H[DPLQHV
SRWHQWLDO� RFFXSDWLRQDO� H[SRVXUHV�� � 7KH
GHUPDO�DQG� LQKDODWLRQ�H[SRVXUHV� WKDW�FDQ
RFFXU�DV�D�UHVXOW�RI�ZRUNLQJ�ZLWK�D�EODQNHW
ZDVK�DUH�SUHVHQWHG���6HFWLRQ�����DGGUHVVHV
H[SRVXUHV� IRU� WKH� JHQHUDO� SRSXODWLRQ� �L�H��
SHRSOH�QRW�ZRUNLQJ�LQ�WKH�SULQW�VKRS���DQG
LQFOXGHV�LQIRUPDWLRQ�RQ�KXPDQ�H[SRVXUHV
WR�EODQNHW�ZDVK�FKHPLFDOV�UHOHDVHG�WR�ERWK
DLU�DQG�VXUIDFH�ZDWHU���,Q�DOO�WKUHH�VHFWLRQV�
WKH� PHWKRGRORJLHV� DQG� PRGHOV� XVHG� IRU
HVWLPDWLQJ� UHOHDVHV� DQG� H[SRVXUHV� DUH� GHVFULEHG� DORQJ�ZLWK� WKH� DVVRFLDWHG� DVVXPSWLRQV� DQG
XQFHUWDLQWLHV���6HFWLRQ�����PRYHV�IURP�H[SRVXUHV�WR�WKH�ULVNV�DQG�FRQFHUQV�DVVRFLDWHG�ZLWK�VXFK
H[SRVXUHV���'HVFULSWLRQV�RI�KRZ�ULVN�FKDUDFWHUL]DWLRQV�DUH�PDGH�DQG�WKH�W\SHV�RI�ULVNV�H[DPLQHG
�VXFK� DV� FDUFLQRJHQLF�� FKURQLF� DQG� GHYHORSPHQWDO��� DUH� IROORZHG� E\� GLVFXVVLRQV� RI� WKH� ULVNV
DVVLJQHG�WR�WKH�HQYLURQPHQWDO��RFFXSDWLRQDO�DQG�JHQHUDO�SRSXODWLRQ�H[SRVXUHV�GLVFXVVHG�HDUOLHU
LQ�WKH�FKDSWHU���,Q�6HFWLRQ������PHWKRGV�RI�UHGXFLQJ�ZRUNHU�ULVN�DUH�GLVFXVVHG���7RSLFV�VXFK�DV
HPSOR\HH� WUDLQLQJ�� SURSHU� KDQGOLQJ� RI� FKHPLFDOV�� DQG� XVH� RI� SHUVRQDO� VDIHW\� HTXLSPHQW� DQG
HTXLSPHQW�VDIHJXDUGV�DUH�UHYLHZHG�

3.1  ENVIRONMENTAL RELEASE ESTIMATES

(VWLPDWHG�HQYLURQPHQWDO�UHOHDVHV�DVVRFLDWHG�ZLWK�OLWKRJUDSK\�EODQNHW�ZDVK�FKHPLFDOV�DQG
WKH�PHWKRGRORJ\�� DVVXPSWLRQV�DQG�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK� WKH� UHOHDVH� FDOFXODWLRQV�DUH
GLVFXVVHG�EHORZ���5HOHDVHV�WR�DLU�UHVXOW�IURP�YRODWLOL]DWLRQ�RI�YRODWLOH�EODQNHW�ZDVK�FRQVWLWXHQWV
GXULQJ�IOXLG��EODQNHW�ZDVK��WUDQVIHUV�DQG�IURP�ZDVWH�UDJV�XVHG�WR�ZLSH�EODQNHW�ZDVK�OLTXLG�RII�RI
WKH� EODQNHWV�� � 5HOHDVHV� WR�ZDWHU� UHVXOW� SULPDULO\� IURP� WKH� ODXQGHULQJ� RI� GLUW\� UHXVDEOH� UDJV�
5HOHDVHV�WR�ODQG�UHVXOW�IURP�WKH�GLVSRVDO�RI�QRQ�UHXVDEOH�UDJV�

0HWKRGRORJ\���(QYLURQPHQWDO�5HOHDVHV

7KH�PDWHULDO�EDODQFH�DSSURDFK�ZDV�XVHG�WR�FDOFXODWH�UHOHDVHV�IURP�OLWKRJUDSK\�EODQNHW
ZDVKHV���)LJXUH�����GHFULEHV�WKH�RYHUDOO�PDWHULDO�EDODQFH�
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Figure 3-1.  Material Balance

*HQHUDO� IDFLOLW\� DVVXPSWLRQV� ZHUH� GHYHORSHG� VSHFLILFDOO\� IRU� WKH� VFHQDULRV� RI� WKLV
DVVHVVPHQW���7KHVH�DVVXPSWLRQV�ZHUH�GHYHORSHG�E\�(3$�LQ�FRQMXQFWLRQ�ZLWK�*DU\�-RQHV�RI�WKH
*UDSKLF�$UWV�7HFKQLFDO�)RXQGDWLRQ��*$7)��DQG�ZHUH�UHOHDVHG�IRU�UHYLHZ�GXULQJ�WKH�(&%�*$7)
(QYLURQPHQWDO�$IIDLUV�&RQIHUHQFH�KHOG�LQ�2DNEURRN��,OOLQRLV�LQ�0DUFK��������7KRVH�DVVXPSWLRQV
ZHUH�DV�IROORZV�

Assumption Value

Number of presses per facility 1-19"x 26"

Number of units per press 4

Number of times each blanket is washed per day 10 (40 total for the press)1

Number of hours per operating day 8 

Number of operating days per year 250

Average amount of wash used per blanket 2 oz.

Area of 1 blanket 3.4 ft2

Amount of blanket wash used per year 160 gallons

of draft results that washing the blanket 10 times
 Industry commentators noted during a later review         1 

per day may be high for this type of facility.  If this assumption is high, using 10 blanket washes per
day may overestimate exposures.

$Q�DYHUDJH�RI�����JDOORQV�RI�EODQNHW�ZDVK� LV�DVVXPHG�WR�EH�XVHG�SHU�\HDU�SHU� IDFLOLW\
�URXQGHG�WR�WZR�VLJQLILFDQW�ILJXUHV�����7KH�����JDOORQV�LV�HLWKHU�UHOHDVHG�WR�DLU�RU�LV�OHIW�RQ�WKH�UDJ
IRU�GLVSRVDO�RU�ODXQGHULQJ��

$�W\SLFDO�VKRS�PD\�HLWKHU�XVH�UHXVDEOH�UDJV��ZKLFK�DUH�ODXQGHUHG��RU�GLVSRVH�RI�UDJV�DV
PXQLFLSDO�VROLG�ZDVWH�� �9RODWLOH�FKHPLFDOV� �!�� �PP�+J�YDSRU�SUHVVXUH��ZHUH�DVVXPHG�WR�EH��

UHOHDVHG�WR�DLU�ZKHWKHU�UHXVDEOH�RU�GLVSRVDEOH�UDJV�DUH�XVHG���1RQ�YRODWLOH�FKHPLFDOV������ �PP��
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      An industry reviewer commented that the 10  mm Hg cutoff may be low.  This figure was developed by EPA's Health and     a       -3

Environmental Effects Division for the New Chemicals Review Program to be protective of human health.  Below 10  mm Hg no-3

further concern for inhalation risks is warranted.  Above 10  mm Hg there may or may not be concerns.-3
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+J�YDSRU�SUHVVXUH ��ZHUH�DVVXPHG�WR�UHPDLQ�RQ�WKH�UDJV���&KHPLFDOV�UHPDLQLQJ�RQ�UHXVDEOH�UDJVD

ZHUH�UHOHDVHG�WR�ZDWHU�DQG�FKHPLFDOV�UHPDLQLQJ�RQ�GLVSRVDO�UDJV�ZHUH�UHOHDVHG�WR� ODQG�� �7KH
PRGHO�GRHV�QRW�WDNH�LQWR�DFFRXQW�WKH�UHOHDVHV�RI�LQN�FRQVWLWXHQWV�WKDW�DUH�EHLQJ�UHPRYHG
LQ�WKH�EODQNHW�ZDVK�

7KH�PDWHULDO�EDODQFH�FDOFXODWLRQV�DUH�FRQGXFWHG�DV�IROORZV�IRU�HDFK�IRUPXODWLRQ�

& &DOFXODWH� WKH� DYHUDJH� GHQVLW\� RI� WKH� IRUPXODWLRQ� XVLQJ� WKH� QRUPDOL]HG� ZHLJKW
SHUFHQW���VHH�VDPSOH�FDOFXODWLRQ�

& 0XOWLSO\�WKH�DYHUDJH�GHQVLW\�E\�WKH�YROXPH�UHOHDVHG������JDOORQV��WR�JHW�WKH�WRWDO
PDVV�RI�EODQNHW�ZDVK�UHOHDVHG�

& 0XOWLSO\� WKH� WRWDO� PDVV� E\� WKH� ZHLJKW� SHUFHQWDJH� RI� HDFK� FKHPLFDO� LQ� WKH
IRUPXODWLRQ�WR�GHWHUPLQH�LQGLYLGXDO�FKHPLFDO�PDVVHV�

& ,I�WKH�YDSRU�SUHVVXUH�RI�D�FKHPLFDO�FRQVWLWXHQW�LV�!��� �PP�+J��WKHQ�WKH�FKHPLFDO��

LV�DVVXPHG�WR�EH�UHOHDVHG�WR�DLU��DQG

& ,I�WKH�YDSRU�SUHVVXUH�LV����� �PP�+J��WKHQ�WKH�FKHPLFDO�ZLOO�QRW�YRODWLOL]H�DQG�LV��

DVVXPHG�WR�EH�UHOHDVHG�WR�ZDWHU�RU�ODQG���5HOHDVHV�WR�ZDWHU�RFFXU�ZKHQ�WKH�UDJV�DUH
ODXQGHUHG��DQG�WR�ODQG�ZKHQ�WKH\�DUH�GLVSRVHG�RI�

6DPSOH�&DOFXODWLRQ

Example Formulation (g/cm ) Weight Percent (mmHg)
Density Vapor Pressure

3

Ethoxylated nonylphenol 0.8 42.9% <10-6

Solvent naphtha, heavy 0.87 33.3% 0.5

Propylene glycol monobutyl ether 0.89 19.0% <0.98

Tetrapotassium pyrophosphate 2.33 4.8% <10-6
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,Q�WKLV�H[DPSOH�

& 7KH�DYHUDJH�GHQVLW\�RI�WKH�EODQNHW�ZDVK�LV�������J�FP
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& 8VLQJ�WKH�DYHUDJH�GHQVLW\��WKH�WRWDO�PDVV�RI�EODQNHW�ZDVK�SHU�\HDU�LV�FDOFXODWHG�WR�EH
��������J�\U�

& 7KH�PDVV�RI�HDFK�FKHPLFDO�FRPSRQHQW�LV�FDOFXODWHG��WKH�YDSRU�SUHVVXUH�LV�HYDOXDWHG�WR
GHWHUPLQH�WKH�UHOHDVH�URXWH�DQG�WKH�IROORZLQJ�UHOHDVH�UDWHV�DUH�FDOFXODWHG�

Example Formulation (g/site/sec) (kg/site/yr)
Release to Air Water or Land*

Release to

Ethoxylated nonylphenol 0 225.3

Solvent Naphtha, heavy 0.024 0

Propylene glycol monobutyl ether 0.014 0

Tetrapotassium pyrophosphate 0 25.2

Total: 0.038 251

250 days per year and 8 hours per day.  The environmental
 The time units for releases to air are calculated using            *

releases for each blanket wash formulation are provided in Table 3-1.

$VVXPSWLRQV���(QYLURQPHQWDO�5HOHDVHV

7KH�PDWHULDO�EDODQFH�XVHG� LQ�WKLV�UHSRUW�DVVXPHV�WKDW�UHOHDVHV�WR�DLU�HTXDO�WKH�WRWDO�DLU
UHOHDVH�RI�FKHPLFDOV�IURP�WKH�IROORZLQJ�

& 9RODWLOL]DWLRQ�RI�EODQNHW�ZDVK�IRUPXODWLRQ�FRQVWLWXHQWV�IURP�EODQNHWV�GXULQJ�FOHDQLQJ�



3.1  ENVIRONMENTAL RELEASE ESTIMATES

3-5

& (PLVVLRQV�IURP�WUDQVIHU�RSHUDWLRQV��DQG
& 9RODWLOL]DWLRQ�RI�EODQNHW�ZDVK�FRQVWLWXHQWV�IURP�GLUW\�UDJV�

$V�GHVFULEHG�RQ�SDJH������WKH�IROORZLQJ�DVVXPSWLRQV�DQG�VRXUFHV�RI�LQIRUPDWLRQ�ZHUH�XVHG
LQ�WKH�PDWHULDO�EDODQFH�PRGHO�

& &KHPLFDOV�ZLWK�D�YDSRU�SUHVVXUH����� �PP�+J�ZLOO�QRW�YRODWLOL]H���

& &KHPLFDOV�WKDW�GR�QRW�YRODWLOL]H�ZLOO�UHPDLQ�RQ�WKH�FOHDQLQJ�UDJV�
& 7KH�JHQHUDO�IDFLOLW\�DVVXPSWLRQV�OLVWHG�DERYH�

8QFHUWDLQWLHV���(QYLURQPHQWDO�5HOHDVHV

'HWHUPLQLQJ�HQYLURQPHQWDO�UHOHDVHV�DVVRFLDWHG�ZLWK�OLWKRJUDSK\�EODQNHW�ZDVKHV�UHTXLUHV
PDNLQJ� DVVXPSWLRQV� DERXW� WKH� FOHDQLQJ� SURFHVV�� WKH� ZRUNSODFH� HQYLURQPHQW� DQG� ZDVWH
PDQDJHPHQW�SUDFWLFHV���8QFHUWDLQWLHV�DERXW�WKH�DPRXQWV�RI�UHOHDVHV�WR�WKH�HQYLURQPHQW�VWHP�IURP
WKH�HVWLPDWHG�WRWDO�UHOHDVHG�SHU�\HDU������JDOORQV����7KLV�WRWDO�ZLOO�YDU\�LQ�DFWXDO�SULQWLQJ�IDFLOLWLHV
EDVHG�RQ�

& W\SH�RI�EODQNHW�ZDVK�XVHG�
& DPRXQW�RI�EODQNHW�ZDVK�DSSOLHG�
& DPRXQW�RI�XQXVHG�EODQNHW�ZDVK�GLVSRVHG�
& FRPSOLDQFH�ZLWK�ZDVWH�PDQDJHPHQW�SURFHGXUHV�
& HTXLSPHQW�RSHUDWLQJ�WLPH�
& WHPSHUDWXUH�FRQGLWLRQV��DPELHQW�DQG�VROYHQW��
& FKHPLFDO�SURSHUWLHV�

Table 3-1.  Environmental Releases:  Lithographic Blanket Washes

Form. Air Water or Land
Number Formulation** (g/sec) (kg/yr)

Environmental Releases

1 Fatty acid derivatives 0.062 0
Alkoxylated alcohols 0.014 0

3 Hydrocarbons, petroleum distillates 0.021 0
Fatty acid derivatives 0 152
Hydrocarbons, aromatic 0.025 0
Alkyl benzene sulfonates 0 38

4 Terpenes 0.059 0
Ethoxylated nonylphenol 0 77

5 Water N/A N/A
Hydrocarbons, aromatic 0.021 0
Ethylene glycol ethers 0.010 0
Ethoxylated nonylphenol 0 50
Alkyl benzene sulfonates 0 30
Alkoxylated alcohols 0 15
Alkali/salts 0 5

6 Fatty acid derivatives 0 329
Hydrocarbons, petroleum distillates 0.018 0
Hydrocarbons, aromatic 0.006 0
Alkyl benzene sulfonates 0 25
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Form. Air Water or Land
Number Formulation** (g/sec) (kg/yr)

Environmental Releases
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7 Terpenes 0.071 0
Ethoxylated nonylphenol 0 15
Alkoxylated alcohols 0 15

8 Water N/A N/A
Hydrocarbons, aromatic 0.018 0
Propylene glycol ethers 0.012 0
Alkyl benzene sulfonates 0 91
Ethoxylated nonylphenol 0 43
Alkoxylated alcohols 0 13
Alkali/salts 0 4

9 Fatty acid derivatives 0 405
Water N/A N/A
Ethoxylated nonylphenol 0 15

10 Fatty acid derivatives 0 140
Water N/A N/A

11 Fatty acid derivatives 0 249
Hydrocarbons, petroleum distillates 0.028 0
Hydrocarbons, aromatic 0.005 0
Alkyl benzene sulfonates 0 23

12 Hydrocarbons, petroleum distillates 0.033 0
Water N/A N/A

14 Fatty acid derivatives 0 54
Propylene glycol ethers 0.008 0
Water N/A N/A

16 Terpenes 0.075 0

17 Ethoxylated nonylphenol 0 11
Glycols 0.002 0
Fatty acid derivatives 0 5
Alkali/salts 0 3
Water N/A N/A

18 Fatty acid derivatives 0 225
Hydrocarbons, petroleum distillates 0.022 0
Hydrocarbons, aromatic 0.005 0
Dibasic esters 0.009 0
Esters/lactones 0.003 0
Alkyl benzene sulfonates 0 23

19 Fatty acid derivatives 0 182
Propylene glycol ethers 0.051 0
Water N/A N/A

20 Water N/A N/A
Hydrocarbons, petroleum distillates 0.010 0
Hydrocarbons, aromatic 0.007 0
Alkyl benzene sulfonates 0 25



3.1  ENVIRONMENTAL RELEASE ESTIMATES

Form. Air Water or Land
Number Formulation** (g/sec) (kg/yr)

Environmental Releases
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21 Hydrocarbons, aromatic 0.014 0
Hydrocarbons, petroleum distillates 0.021 0
Fatty acid derivatives 0 257

22 Fatty acid derivatives 0 288
Hydrocarbons, aromatic 0.017 0
Water N/A N/A

23 Terpenes 0.034 0
Nitrogen heterocyclics 0.021 0
Alkoxylated alcohols 0.021 0
Water N/A N/A

24 Terpenes 0.013 0
Ethylene glycol ethers 0.003 0
Ethoxylated nonylphenol 0 23
Alkyl benzene sulfonates 0 35
Alkali/salts 0 23
Water N/A N/A

25 Terpenes 0.072 0
Esters/lactones 0.003 0

26 Fatty acid derivatives 0 604
Esters/lactones 0 256

27 Terpenes 0.12 0

28 Hydrocarbons, petroleum distillates 0.059 0

29 Fatty acid derivatives 0 533

30 Hydrocarbons, aromatic 0.049 0
Propylene glycol ethers 0.008 0
Water N/A N/A

31 Hydrocarbons, aromatic 0.010 0
Hydrocarbons, petroleum distillates 0.058 0

32 Hydrocarbons, petroleum distillates 0.066 0

33 Hydrocarbons, petroleum distillates 0.018 0
Hydrocarbons, aromatic 0.018 0
Propylene glycol ethers 0.004 0
Water N/A N/A

34 Water N/A N/A
Terpenes 0.015 0
Hydrocarbons, petroleum distillates 0.012 0
Alkoxylated alcohols 0 42
Fatty acid derivatives 0 42

35 Hydrocarbons, petroleum distillates 0.010 0
Hydrocarbons, aromatic 0.058 0

36 Fatty acid derivatives 0 376
Hydrocarbons, petroleum distillates 0.013 0
Hydrocarbons, aromatic 0.007 0
Propylene glycol ethers 0.003 0
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Form. Air Water or Land
Number Formulation** (g/sec) (kg/yr)

Environmental Releases
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37 Water N/A N/A
Hydrocarbons, petroleum distillates 0.034 0
Hydrocarbons, aromatic 0.003 0

38 Hydrocarbons, petroleum distillates 0.048 0
Alkoxylated alcohols 0.012 0
Fatty acid derivatives 0 0

39 Water N/A N/A
Hydrocarbons, petroleum distillates 0.015 0
Propylene glycol ethers 0.008 0
Alkanolamine 0 17
Ethylene glycol ethers 0.004 0

40 Hydrocarbons, aromatic 0.009 0
Hydrocarbons, petroleum distillates 0.012 0
Fatty acid derivatives 0 346
Ethoxylated nonylphenol 0 22

**Formulation compositions were adjusted to equal 100 percent.
N/A - Not applicable

3.2  OCCUPATIONAL EXPOSURE ESTIMATES

,QKDODWLRQ�DQG�GHUPDO�H[SRVXUH�DVVRFLDWHG�ZLWK�OLWKRJUDSK\�EODQNHW�ZDVK�FKHPLFDOV�DQG
WKH�PHWKRGRORJ\��DVVXPSWLRQV�DQG�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK� WKH�HVWLPDWHV�DUH�GLVFXVVHG
EHORZ���7KH�VFHQDULR�GHVFULEHG�EHORZ�ZDV�PRGHOOHG�WR�DVVHVV�LQKDODWLRQ�DQG�GHUPDO�H[SRVXUHV�IRU
ZRUNHUV�DW�WKHVH�VKRSV���7DEOH�����SUHVHQWV�WKH�LQKDODWLRQ�DQG�GHUPDO�H[SRVXUHV�IRU�OLWKRJUDSKLF
EODQNHW�ZDVKHV�

Table 3-2.  Inhalation and Dermal Exposures:  Lithographic Blanket Washes

Form. Exposure Dermal Exposure
Number Formulation (mg/day) (mg/day)1

Inhalation
2 3

1 Fatty acid derivatives 0.23 1,100-3,300
Alkoxylated alcohols 0.026 200-590

3 Hydrocarbons, petroleum distillates 7.2 730-2,200
Fatty acid derivatives negligible 390-1,200
Hydrocarbons, aromatic 14.8 121-360
Alkyl benzene sulfonates negligible 61-180

4 Terpenes 74 1,100-3,400
Ethoxylated nonylphenol negligible 159-480



3.2  OCCUPATIONAL EXPOSURE ESTIMATES

Form. Exposure Dermal Exposure
Number Formulation (mg/day) (mg/day)1

Inhalation
2 3
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5 Water N/A N/A
Hydrocarbons, petroleum distillates 0.54 340-1,000
Ethylene glycol ethers 0.010 170-510
Ethoxylated nonylphenol negligible 100-300
Alkyl benzene sulfonates negligible 54-162
Alkoxylated alcohols negligible 27-81
Alkali/ salts negligible 7-20

6 Fatty acid derivatives negligible 910-2,700
Hydrocarbons, petroleum distillates 5.4 290-880
Hydrocarbons, aromatic 0.82 58-180
Alkyl benzene sulfonates negligible 37-110

7 Terpenes 2.42 1,225-3,750
Ethoxylated nonylphenol negligible 37-110
Alkoxylated alcohols negligible 37-110

8 Water N/A N/A
Hydrocarbons, aromatic 0.52 290-870
Propylene glycol ethers 0.67 180-530
Alkyl benzene sulfonate negligible 196-580
Ethoxylated nonylphenol negligible 87-260
Alkoxylated alcohols negligible 23-70
Alkali/ salts negligible 6-17

9 Fatty acid derivatives negligible 990-3,000
Water N/A N/A
Ethoxylated nonylphenol negligible 25-76

10 Fatty acid derivatives negligible 270-820
Water N/A N/A

11 Fatty acid derivatives negligible 670-2,000
Hydrocarbons, petroleum distillates 7.5 540-1,600
Hydrocarbons, aromatic 0.63 54-160
Alkyl benzene sulfonates negligible 34-100

12 Hydrocarbons, petroleum distillates 1.68 650-1,960
Water N/A N/A

14 Fatty acids derivatives negligible 98-290
Propylene glycol ethers 0.009 98-290
Water N/A N/A

16 Terpenes 2.55 1300-4000

17 Ethoxylated nonylphenol negligible 23-68
Propylene glycol 0.008 23-68
Fatty acid derivatives negligible 11-34
Alkali/ salts negligible 6-17
Water N/A N/A
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Form. Exposure Dermal Exposure
Number Formulation (mg/day) (mg/day)1

Inhalation
2 3
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18 Fatty acid derivatives negligible 640-1,900
Hydrocarbons, petroleum distillates 5.8 430-1,300
Hydrocarbons, aromatic 0.62 57-170
Dibasic esters 0.194 108-330
Esters/lactones 0.68 36-110
Alkyl benzene sulfonates negligible 36-110

19 Fatty acid derivatives negligible 100-290
Propylene glycol ethers 0.021 260-780
Water N/A N/A

20 Water N/A N/A
Hydrocarbons, petroleum distillates 0.36 130-400
Hydrocarbons, aromatic 0.12 100-300
Alkyl benzene sulfonates negligible 33-100

21 Hydrocarbons, aromatic 2.2 260-780
Hydrocarbons, petroleum distillates 7.1 390-1,200
Fatty acid derivatives negligible 650-2,000

22 Fatty acid derivatives negligible 720-2,100
Hydrocarbons, aromatic 0.73 260-780
Water N/A N/A

23 Terpenes 0.83 92-280
Nitrogen heterocyclics 0.037 57-170
Alkoxylated alcohols 0.001 57-170
Water N/A N/A

24 Terpenes 2.3 210-620
Ethylene glycol ethers 0.002 52-160
Ethoxylated nonylphenol negligible 52-160
Alkyl benzene sulfonates negligible 78-230
Alkali/salts negligible 52-160
Water N/A N/A

25 Terpenes 2.11 1,248-3,840
Esters/lactones 2.4 52-160

26 Fatty acid derivatives negligible 1,219-3,758
Esters/lactones negligible 45-135

27 Terpenes 4.69 1,300-3,900

28 Hydrocarbons, petroleum distillates 240 1,300-3,900

29 Fatty acid derivatives negligible 1,300-3,900

30 Hydrocarbons, aromatic 1.9 910-2,700
Propylene glycol ethers 0.026 130-390
Water N/A N/A

31 Hydrocarbons, aromatic 0.88 200-590
Hydrocarbons, petroleum distillates 11 1,100-3,300

32 Hydrocarbons, petroleum distillates 24 1,300-3,900
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Form. Exposure Dermal Exposure
Number Formulation (mg/day) (mg/day)1

Inhalation
2 3
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33 Hydrocarbons, petroleum distillates 0.93 310-920
Hydrocarbons, aromatic 0.44 310-920
Propylene glycol ethers 0.068 34-100
Water N/A N/A

34 Water N/A N/A
Terpenes 3.3 230-680
Hydrocarbons, petroleum distillates 0.56 170-510
Alkoxylated alcohols negligible 85-250
Fatty acid derivatives negligible 85-250

35 Hydrocarbons, petroleum distillates 11 200-590
Hydrocarbons, aromatic 0.88 1,100-3,300

36 Fatty acid derivatives negligible 900-2,700
Hydrocarbons, petroleum distillates 4.1 230-680
Hydrocarbons, aromatic 1.0 110-340
Propylene glycol ethers 0.37 57-170

37 Water N/A N/A
Hydrocarbons, petroleum distillates 1.67 625-1,840
Hydrocarbons, aromatic 0.064 32-97

38 Hydrocarbons, petroleum distillates 10 980-2,900
Alkoxylated alcohols 0.022 200-590
Fatty acid derivatives negligible 130-390

39 Water N/A N/A
Hydrocarbons, petroleum distillates 0.60 220-670
Propylene glycol ethers 0.31 110-330
Alkanolamines negligible 30-89
Ethylene glycol ethers 0.003 52-160

40 Hydrocarbons, aromatic 1.4 130-380
Hydrocarbons, petroleum distillates 4.0 190-570
Fatty acid derivatives negligible 950-2,800
Ethoxylated nonylphenol negligible 38-110

adjusted to equal 100 percent.
Formulation compositions were     1

The inhalation exposures are based on a "what if" scenario.2

The dermal exposures are bounding estimates and assume that no gloves or barrier creams are used by the workers.3

In situations where the chemical is corrosive (e.g., sodium hydroxide), dermal exposure to workers using the4

appropriate gloves is zero.

Negligible - Inhalation exposures to chemicals with vapor pressures <10  mmHg were assumed negligible.-3

N/A - Not applicable
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 Source: U.S. Environmental Protection Agency, Chemical Engineering Branch (CEB) Manual for the Preparation of Engineeringb

Assessments, (February 28, 1991), p. 4-1 through 4-39.
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6FHQDULR

%DVHG�RQ�WKH�JHQHUDO�IDFLOLW\�DVVXPSWLRQV�OLVWHG�LQ�6HFWLRQ������D�SUHVV�RSHUDWRU�LV�DVVXPHG
WR�ZDVK����EODQNHWV�SHU�VKLIW���(DFK�ZDVK�ODVWV�WZR�PLQXWHV���7KH�ZRUNHU�VTXLUWV���RXQFHV�RI�ZDVK
VROXWLRQ�RQWR�D�UDJ�XVLQJ�D�VTXLUW�ERWWOH���7KH�EODQNHW�LV�ZLSHG�ZLWK�WKH�ZHW�UDJ�DQG�WKHQ�ZLSHG
DJDLQ�ZLWK�D�GU\�UDJ���$OO�UDJV�DUH�GLVSRVHG�RI�LQ�FORVHG�VWRUDJH�FRQWDLQHUV��

,QKDODWLRQ�H[SRVXUHV�UHVXOW�IURP�WKH�YRODWLOL]DWLRQ�RI�FKHPLFDOV�IURP�WKH�EODQNHW�GXULQJ
ZDVKLQJ�DQG�IURP�WKH�UDJV�XVHG�WR�ZDVK�WKH�EODQNHW���8QYRODWLOL]HG�PDWHULDOV�WKDW�UHPDLQ�RQ�WKH
UDJV�DUH�DVVXPHG�WR�EH�GLVSRVHG�RI�DV�VROLG�ZDVWH�RU�WR�EH�UHPRYHG�DW�D�ODXQGU\�IDFLOLW\���,QKDODWLRQ
H[SRVXUHV�WR�YDSRUV�IURP�RSHQLQJ�WKH�FRQWDLQHUV�VWRULQJ�WKH�GLVSRVHG�UDJV�DUH�DVVXPHG�WR�EH
QHJOLJLEOH�� � ,QKDODWLRQ� H[SRVXUHV� WR� FKHPLFDOV�ZLWK� D� YDSRU� SUHVVXUH� �� �� �PP�+J� DUH� DOVR��

DVVXPHG�WR�EH�QHJOLJLEOH�

'HUPDO� H[SRVXUHV� UHVXOW� IURP� FRQWDFW� ZLWK� WKH� EODQNHW�ZDVK� VROXWLRQ� GXULQJ� EODQNHW
ZDVKLQJ� DFWLYLWLHV�� � 'HUPDO� H[SRVXUHV� DUH� HVWLPDWHG� EDVHG� RQ� W\SH� RI� RSHUDWLRQV� DQG� ZDVK
IRUPXODWLRQ�FRQFHQWUDWLRQV�

0HWKRGRORJ\���,QKDODWLRQ�([SRVXUHV

,QKDODWLRQ�H[SRVXUHV�ZHUH�HVWLPDWHG�IURP�WKH�VFHQDULR�GHVFULEHG�DERYH�XVLQJ�D�PDWHULDO
EDODQFH�LQKDODWLRQ�H[SRVXUH�PRGHO ���7KH�LQKDODWLRQ�H[SRVXUH�DVVHVVPHQW�IDOOV�XQGHU�WKH��ZKDWE

LI��FDWHJRU\��VHH�XQFHUWDLQWLHV�VHFWLRQ��

7KH�PDWHULDO�EDODQFH�PRGHO�DVVXPHV�WKDW�WKH�DPRXQW�RI�D�FKHPLFDO�LQ�D�URRP�HTXDOV�WKH
DPRXQW�RI�FKHPLFDO�JHQHUDWHG�LQ�WKH�URRP�PLQXV�WKH�DPRXQW�RI�FKHPLFDO�OHDYLQJ�WKH�URRP���7KH
PRGHO�LV�YDOLG�IRU�HVWLPDWLQJ�WKH�GLVSODFHPHQW�RI�YDSRUV�IURP�FRQWDLQHUV�DQG�IRU�HVWLPDWLQJ�WKH
YRODWLOL]DWLRQ�RI�OLTXLGV�IURP�RSHQ�VXUIDFHV���7KH�DVVXPSWLRQV�XVHG�LQ�WKLV�PRGHO�LQFOXGH�

& ,QFRPLQJ�URRP�DLU�LV�FRQWDPLQDQW�IUHH�

& 9DSRU�JHQHUDWLRQ�DQG�YHQWLODWLRQ�UDWHV�DUH�FRQVWDQW�RYHU�WLPH�

& 5RRP�DLU�DQG�YHQWLODWLRQ�DLU�PL[�LGHDOO\�

& 5DRXOW
V�/DZ�LV�YDOLG��L�H���UHJDUGLQJ�WKH�YRODWLOL]DWLRQ�DQG�LQWHUDFWLRQ�RI�YDSRUV��

& ,GHDO�JDV�ODZ�DSSOLHV��L�H���UHJDUGLQJ�WKH�LQWHUDFWLRQ�RI�YDSRUV���DQG

& �7\SLFDO�FDVH��YHQWLODWLRQ�SDUDPHWHUV�DUH�YDOLG� �DFWXDO�YHQWLODWLRQ�FRQGLWLRQV�DUH
XQNQRZQ��

7KH�LQKDODWLRQ�H[SRVXUH�PRGHO �HVWLPDWHV�WKH�HYDSRUDWLRQ�RI�FKHPLFDOV�IURP�RSHQ�VXUIDFHV��

VXFK�DV�WKH�VXUIDFH�RI�D�EODQNHW��XVLQJ�WKH�IROORZLQJ�HTXDWLRQV�






�

%




	

�
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(1)

(2)

(3)

ZKHUH�

*  9RODWLOL]DWLRQ�UDWH�RI�VXEVXUIDFH�L��J�P #VHFL
�

0  0ROHFXODU�ZHLJKW��J�PRO
3 
  9DSRU�SUHVVXUH�RI�SXUH�VXEVWDQFH�L��PP�+JL

;  0ROH�IUDFWLRQ�RI�VXEVWDQFH�L�LQ�VROXWLRQ��GLPHQVLRQOHVVL

5  *DV�FRQVWDQW���������PP�+J#P �PRO#.�

7  7HPSHUDWXUH��.
'  'LIIXVLYLW\��FP �VHFDE

�

Y  $LU�YHORFLW\��P�VHF]

]  'LVWDQFH�DORQJ�FRQWDPLQDWHG�VXUIDFH��P

7KH�DLU�YHORFLW\�Y �LV�DVVXPHG�WR�EH�����IHHW�SHU�PLQXWH��IW�PLQ����6LQFH�WKH�GLIIXVLYLW\��' �]� � � � � � � � � �� � � � DE

LV�QRW�DYDLODEOH�IRU�PDQ\�RI�WKH�FKHPLFDOV�XVHG�LQ�EODQNHW�ZDVKLQJ�IRUPXODWLRQV��WKH�IROORZLQJ
HTXDWLRQ�LV�XVHG�WR�HVWLPDWH�GLIIXVLYLW\�

'  'LIIXVLYLW\��FP �VHFDE
�

7  7HPSHUDWXUH��.
0  0ROHFXODU�ZHLJKW��J�PRO
3  7RWDO�SUHVVXUH��DWPW

(TXDWLRQ���LV�EDVHG�RQ�NLQHWLF�WKHRU\�DQG�JHQHUDOO\�JLYHV�YDOXHV�RI�' �WKDW�DJUHH�FORVHO\DE

ZLWK�H[SHULPHQWDO�GDWD���7KH�YRODWLOL]DWLRQ�UDWH��* ���FDOFXODWHG�LQ�(TXDWLRQV���DQG���DERYH��LV�XVHGL

LQ�WKH�IROORZLQJ�PDVV�EDODQFH�HTXDWLRQ�WR�FDOFXODWH�WKH�DLUERUQH�FRQFHQWUDWLRQ�RI�D�VXEVWDQFH�LQ
WKH�EUHDWKLQJ�]RQH�

ZKHUH�

&  $LUERUQH�FRQFHQWUDWLRQ��SSPY

7  $PELHQW�WHPSHUDWXUH��.
*  9RODWLOL]DWLRQ�UDWH�RI�VXEVWDQFH�L��J�P #VHFL

�

0  0ROHFXODU�ZHLJKW��J�PRO
$  $UHD�RI�VXUIDFH��P�

4  9HQWLODWLRQ�UDWH��IW �PLQ�

N  0L[LQJ�IDFWRU��GLPHQVLRQOHVV

7KH�PL[LQJ�IDFWRU��N��DFFRXQWV�IRU�VORZ�DQG�LQFRPSOHWH�PL[LQJ�RI�YHQWLODWLRQ�DLU�ZLWK�URRP
DLU���7KH�&(%�0DQXDO�VHWV�WKLV�IDFWRU�DW�����IRU�D�W\SLFDO�FDVH�DQG�DW�����IRU�D�ZRUVW�FDVH���
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(4)

(5)

7KH�&(%�0DQXDO�FRPPRQO\�XVHV�YHQWLODWLRQ�UDWHV��4��RI�����WR�������IW �PLQ���$Q�HIIHFWLYH�

YHQWLODWLRQ�UDWH�RI�������IW �PLQ�ZDV�XVHG�LQ�WKH�PRGHO���7KLV�UDWH�LV�HTXDO�WR�WKH�PL[LQJ�IDFWRU�RI�

����PXOWLSOLHG�E\�WKH��W\SLFDO�FDVH��YHQWLODWLRQ�UDWH��������IW �PLQ����7KH�YDOXH�RI�& �IURP�(TXDWLRQ�
Y

��LV�FRQYHUWHG�WR�PDVV�YROXPH�XQLWV�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ�

ZKHUH�

&  $LUERUQH�FRQFHQWUDWLRQ��PJ�PP
�

&  $LUERUQH�FRQFHQWUDWLRQ��SSPY

0  0ROHFXODU�ZHLJKW��J�PRO
9  0RODU�YROXPH�RI�DQ�LGHDO�JDV��/�PROP

$W���(&��9 �KDV�D�YDOXH�RI�������/�PRO���6LQFH�D�ZRUNHU�FDQ�EH�DVVXPHG�WR�EUHDWKH�DERXWP

�����P �RI�DLU�SHU�KRXU��DQ�LQKDODWLRQ�H[SRVXUH�FDQ�EH�FRPSXWHG�RQFH�& �KDV�EHHQ�GHWHUPLQHG��
P

(TXDWLRQV���DQG���FDQ�EH�FRPELQHG�WR�\LHOG�WKH�IROORZLQJ�HTXDWLRQ��JLYHQ�WKH��W\SLFDO�FDVH��FKRLFH
RI�YHQWLODWLRQ�SDUDPHWHUV�

ZKHUH�

,  7RWDO�DPRXQW�RI�VXEVWDQFH�LQKDOHG��PJ�GD\
*  9DSRU�JHQHUDWLRQ�UDWH��J�P #VHF�

$  $UHD�RI�VXUIDFH��P�

W  'XUDWLRQ�RI�H[SRVXUH��VHF�GD\

7KH� IROORZLQJ� YDULDEOHV� IRU� WKH� OLWKRJUDSK\� PRGHO� VKRS� DUH� EDVHG� RQ� WKH� &KHPLFDO
(QJLQHHULQJ�%UDQFK�0DQXDO��(3$���������

& Y � �����IW�PLQ �DLU�YHORFLW\�]

& 7� �����. �WHPSHUDWXUH�

& 4� �������IW �PLQ �YHQWLODWLRQ�UDWH��

& N� ���� �PL[LQJ�IDFWRU��GLPHQVLRQOHVV�

& 3 � �; #3 �5DRXOW
V�/DZ�L� � L L



7KH� IROORZLQJ� YDULDEOHV� DUH� EDVHG� RQ� WKH� DVVXPSWLRQV� SUHVHQWHG� RQ� SDJH� ����� � 7KHVH
DVVXPSWLRQV�ZHUH� UHYLHZHG� GXULQJ� WKH� (&%�*$7)�(QYLURQPHQWDO� $IIDLUV� &RQIHUHQFH� KHOG� LQ
2DNEURRN��,OOLQRLV�LQ�0DUFK�������

& ]� ����LQ �GLVWDQFH�DORQJ�FRQWDPLQDWHG�VXUIDFH�

& $� �����LQ �DUHD�RI�VXUIDFH��

& 7KH�DYHUDJH�WLPH�WR�ZDVK�RQH�EODQNHW�LV���PLQXWHV�






	

�
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D  = 0.085 cm /secab
2

& 7KH�DYHUDJH�QXPEHU�RI�EODQNHWV�ZDVKHG�SHU�VKLIW�LV����

& 7KH� DYHUDJH� ZRUNHU� LV� H[SRVHG� WR� ZDVK� YDSRUV� ��� PLQXWHV� SHU� GD\
�W� �������VHFRQGV�SHU�GD\��

& 'LOXWLRQV�ZLWK�ZDWHU�DUH�DFFRXQWHG�IRU�LQ�IRUPXODWLRQ�FRPSRVLWLRQV�

& $GMXVWHG�YDOXHV�ZHUH�XVHG�IRU�WKH�IRUPXOD�FRPSRVLWLRQV�EHFDXVH�WKH\�GLG�QRW�DOZD\V
VXP�WR������

6DPSOH�&DOFXODWLRQ���,QKDODWLRQ�([SRVXUHV

([DPSOH�)RUPXODWLRQ��FRPSRVLWLRQV�DUH�SHUFHQW�E\�ZHLJKW��

Range Adjusted*

35-45% 42.9% Ethoxylated nonylphenol

25-35% 33.3% Solvent naphtha (petroleum), heavy aromatic

15-20% 19.0% Propylene glycol monobutyl ether

0-5%  4.8% Tetrapotassium pyrophosphate

75-105% 100% Total

In cases where the maximum range values of the chemical compositions did not add up to 100%, the values were*

adjusted to 100%.

7KH�GLIIXVLYLW\�LV�FDOFXODWHG�XVLQJ�(TXDWLRQ����DV�IROORZV�

7KH�IROORZLQJ�YDOXHV�DUH�REWDLQHG�IURP�WKH�%DVLF�&KHPLFDO�'DWD�5HSRUW�IRU�VROYHQW�QDSKWKD
�SHWUROHXP���KHDY\�DURPDWLF�

7  ����.
0  ����J�PRO
3  ��DWPW






�

%
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G  = 0.0053 g/m#seci
2

I = 3.9 mg/day

8VLQJ�WKH�DERYH�YDOXH�IRU�GLIIXVLYLW\��WKH�YRODWLOL]DWLRQ�UDWH�FDQ�EH�FDOFXODWHG�XVLQJ�(TXDWLRQ����DV
IROORZV�

ZKHUH�

0  ����J�PRO
3  ����PP�+J
L

;  ��������PROH�IUDFWLRQ�L

5  �������PP�+J#P �PRO#.�

7  ����.
'  �������FP �VHFDE

�

Y  ����IW�PLQ� �������P�VHF]

]  ���LQ� ��������P

8VLQJ�WKLV�YDOXH�IRU�* ��WKH�H[SRVXUH�PD\�EH�FDOFXODWHG�XVLQJ�(TXDWLRQ����DV�IROORZV�L

ZKHUH�

*  �������J�P #VHF�

$  ����LQ � ��������P�� � � �

W  ���PLQ� �������VHF�GD\

8VLQJ�WKH�VDPH�PHWKRG�IRU�HDFK�FKHPLFDO�LQ�WKH�([DPSOH�)RUPXODWLRQ��WKH�IROORZLQJ�UHVXOWV�DUH
REWDLQHG�

Chemical Inhalation Rate

Ethoxylated nonylphenol Negligible

Solvent naphtha (petroleum), heavy aromatic 3.9 mg/day

Propylene glycol monobutyl ether 4.3 mg/day

Tetrapotassium pyrophosphate Negligible
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0HWKRGRORJ\���'HUPDO�([SRVXUHV

'HUPDO�H[SRVXUH�LV�FDXVHG�E\�FRQWDFW�ZLWK�D�PDWHULDO���)RU�WKH�EODQNHW�SUHVV�RSHUDWRUV�
FRQWDFW�ZLWK�WKH�PDWHULDO�LQFOXGHV�WRXFKLQJ�WKH�GDPS�UDJV�DQG�PDQXDOO\�DSSO\LQJ�WKH�UDJV�WR�WKH
EODQNHW�WR�UHPRYH�LQN���5RXWLQH�FRQWDFW�ZLWK�WZR�KDQGV�ZDV�PRGHOHG�IRU�WKH�GHUPDO�H[SRVXUH
DVVHVVPHQW�

7KH�GHUPDO�FRQWDFW�PRGHO �ZDV�XVHG�WR�FDOFXODWH�GHUPDO�H[SRVXUH�HVWLPDWHV�IRU�EODQNHW�

ZDVKLQJ�DFWLYLWLHV�E\�DGMXVWLQJ�WKH�FRQFHQWUDWLRQ�RI� WKH�FKHPLFDO� LQ�WKH�PL[WXUH�� �7KLV�PRGHO
SURYLGHV� ERXQGLQJ� HVWLPDWHV� DQG� DVVXPHV� WKDW� QR� JORYHV� RU� EDUULHU� FUHDPV� DUH� XVHG� E\� WKH
ZRUNHUV���,Q�VLWXDWLRQV�ZKHUH�WKH�FKHPLFDO�LV�FRUURVLYH��H�J���VRGLXP�K\GUR[LGH���GHUPDO�H[SRVXUH
WR�ZRUNHUV�XVLQJ�WKH�DSSURSULDWH�JORYHV�LV�QHJOLJLEOH���$OVR��IRU�RWKHU�FKHPLFDOV��LI�WKH�DSSURSULDWH
JORYHV�DUH�ZRUQ�H[SRVXUH�WR�ZRUNHUV�ZLOO�EH�QHJOLJLEOH�

$VVXPSWLRQV�XVHG�LQ�WKH�GHUPDO�PRGHO �LQFOXGH��

& 7KH� FRQFHQWUDWLRQV� RI� WKH� FKHPLFDOV� LQ� WKH� PL[WXUH� DUH� FRQVWDQW� �L�H��� QR
HYDSRUDWLRQ��WKURXJKRXW�WKH�WLPH�RI�DEVRUSWLRQ�

& 1R�GHUPDO�SURWHFWLRQ��DGPLQLVWUDWLYH��ZRUN�SUDFWLFH��RU�RWKHU�FRQWUROV�DUH�XVHG�WR
OLPLW�GHUPDO�H[SRVXUH�

& 7KH�VXUIDFH�DUHD�RI�WZR�KDQGV�LV������FP ��

& 7KH�DPRXQW�WKDW�LV�DFWXDOO\�DEVRUEHG�LV�QRW�GHWHUPLQHG�

& 7KH�TXDQWLW\�UHPDLQLQJ�RQ�WKH�KDQG�LV�����PJ�FP ��DQG�

& $�VLQJOH�FRQWDFW�ZLWK�WKH�FKHPLFDO�UHVXOWV�LQ�H[SRVXUH�IRU�D�FRPSOHWH�ZRUN�GD\�
7KDW� LV�� WKH�GXUDWLRQ�RI� H[SRVXUH� LV� HVWLPDWHG�DW�����KRXUV�RU� ORQJHU��EXW� LW� LV
DVVXPHG�WKH�ZRUNHU�ZDVKHV�XS�DW�PHDO�WLPH��DQG�LI�WKH�GXUDWLRQ�LV�UHSRUWHG�IRU�D
IXOO�GD\��WKH�SRWHQWLDO�GRVH�VKRXOG�WRWDO�RQO\�WKH�HVWLPDWH�IRU�D�VLQJOH�FRQWDFW�

6DPSOH�&DOFXODWLRQ���'HUPDO�([SRVXUHV

8VLQJ�WKH�([DPSOH�)RUPXODWLRQ�

(WKR[\ODWHG�QRQ\OSKHQRO� ��������$GMXVWHG�ZHLJKW���

7KH�GHUPDO�H[SRVXUH�WR�EODQNHW�ZDVKHV�IRU�URXWLQH�GHUPDO�FRQWDFW� ���KDQGV�� LV
������WR�������PJ�GD\ ����H�J�������PJ�FP ��[�������FP �GD\�� �� � � ��� �� � �

7KH�GHUPDO�H[SRVXUH�WR�HWKR[\ODWHG�QRQ\OSKHQRO�LV�������RI�WKH�WRWDO�EODQNHW�ZDVK
H[SRVXUH��RU�����WR�������PJ�GD\�
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 A "what-if scenario" is a scenario developed to assess potential exposure under a set of hypothetical conditions or under a set     c

of conditions for which actual exposure parameter data are incomplete or nonexistent.  The calculated exposures are not intended
to provide information about how likely the combination of exposure parameter values might be in the actual population or
approximately how many, if any, persons might actually be subjected to the calculated exposure.
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8VLQJ�WKH�VDPH�PHWKRG�IRU�HDFK�FKHPLFDO�LQ�WKH�([DPSOH�)RUPXODWLRQ��WKH�IROORZLQJ�UHVXOWV
DUH�REWDLQHG�

Chemical Dermal Exposure

Ethoxylated nonylphenol 560 to 1,700 mg/day

Solvent naphtha (petroleum), heavy aromatic 430 to 1,300 mg/day

Propylene glycol monobutyl ether 250 to 740 mg/day

Tetrapotassium pyrophosphate 62 to 190 mg/day

8QFHUWDLQWLHV���2FFXSDWLRQDO�([SRVXUHV

$Q\�GHWHUPLQDWLRQ�RI�WKH�RFFXSDWLRQDO�H[SRVXUH�OHYHOV�DVVRFLDWHG�ZLWK�EODQNHW�ZDVKLQJ
DFWLYLWLHV�UHTXLUHV�PDNLQJ�DVVXPSWLRQV�DERXW�WKH�ZDVKLQJ�SURFHVVHV��ZRUNSODFH�HQYLURQPHQW�
KHDOWK�DQG�VDIHW\�SUDFWLFHV��DQG�ZDVWH�PDQDJHPHQW�SUDFWLFHV�

(3$�KDV�SXEOLVKHG�*XLGHOLQHV�IRU�([SRVXUH�$VVHVVPHQW�LQ�WKH�)HGHUDO�5HJLVWHU���7KHVH
JXLGHOLQHV�SURYLGH�WKH�EDVLF�WHUPLQRORJ\�DQG�SULQFLSOHV�E\�ZKLFK�WKH�$JHQF\�FRQGXFWV�H[SRVXUH
DVVHVVPHQWV���,I�WKH�H[SRVXUH�DVVHVVPHQW�PHWKRGRORJ\�DOORZV�DQ�DVVHVVRU�WR�LQ�VRPH�ZD\�TXDQWLI\
WKH�VSHFWUXP�RI� H[SRVXUH�� WKH�DVVHVVRU�VKRXOG�DVVHVV� W\SLFDO� H[SRVXUHV��DV�ZHOO�DV�KLJK�HQG
H[SRVXUHV�RU�ERXQGLQJ�H[SRVXUHV���7\SLFDO�H[SRVXUHV�UHIHU�WR�H[SRVXUHV�RI�D�W\SLFDO�SHUVRQ�WR�D
SDUWLFXODU�VXEVWDQFH���+LJK�HQG�H[SRVXUHV�UHIHU�WR�H[SRVXUHV�RI�D�SHUVRQ�H[SRVHG�WR�DPRXQWV�RI
D�VXEVWDQFH�KLJKHU�WKDQ�H[SRVXUHV�UHFHLYHG�E\����SHUFHQW�RI�WKH�SHRSOH��RU�HFRORJLFDO�VSHFLHV�RI
LQWHUHVW��H[SRVHG�WR�WKH�VXEVWDQFH���%RXQGLQJ�H[SRVXUHV�DUH�MXGJPHQWV�DVVXPLQJ�WKDW�QR�RQH�ZLOO
EH�H[SRVHG�WR�DPRXQWV�RI�VXEVWDQFH�KLJKHU�WKDQ�WKH�FDOFXODWHG�DPRXQW���+RZHYHU��LQ�PDQ\�FDVHV�
RQO\� D�SLFWXUH�RI�ZKDW� WKH� H[SRVXUH�ZRXOG�EH�XQGHU�D� JLYHQ� VHW� RI� FLUFXPVWDQFHV��ZLWKRXW�D
FKDUDFWHUL]DWLRQ�RI�WKH�SUREDELOLW\�RI�WKHVH�FLUFXPVWDQFHV��FDQ�EH�FDOFXODWHG���7KHVH�SLFWXUHV�DUH
FDOOHG��:KDW�LI��VFHQDULRV� �DQG�WKH\�GR�QRW�WU\�WR�MXGJH�ZKHUH�RQ�WKH�H[SRVXUH�VFDOH�WKH�HVWLPDWHF

DFWXDOO\�IDOOV���7KH�LQKDODWLRQ�H[SRVXUH�DVVHVVPHQWV�FDOFXODWHG�IRU�WKH�EODQNHW�SUHVV�RSHUDWRUV�IDOO
XQGHU�WKH��ZKDW�LI��FDWHJRU\�DQG�WKH�GHUPDO�H[SRVXUH�DVVHVVPHQWV�DUH�ERXQGLQJ�H[SRVXUHV�

$OWKRXJK�WKH�EODQNHW�ZDVKLQJ�SURFHVV�LV�UHODWLYHO\�VWUDLJKWIRUZDUG��RFFXSDWLRQDO�H[SRVXUH
OHYHOV�ZLOO�GLIIHU�LQ�VKRS�HQYLURQPHQWV�EHFDXVH�RI�PDQ\�YDULDEOHV��LQFOXGLQJ�

& 9RODWLOLW\�RI�EODQNHW�ZDVK�XVHG�
& $PRXQW�RI�EODQNHW�ZDVK�DSSOLHG�
& $SSOLFDWLRQ�RI�FKHPLFDOV�WR�EODQNHW�DQG�UDJV�
& 8VH�RI�SHUVRQDO�SURWHFWLYH�HTXLSPHQW�DQG�VDIHW\�SURFHGXUHV�
& %ODQNHW�ZDVKLQJ�WLPH�
& 9HQWLODWLRQ�FRQGLWLRQV�DQG�VKRS�OD\RXW�
& 1XPEHU�RI�EODQNHWV�FOHDQHG�
& 7HPSHUDWXUH�FRQGLWLRQV��DPELHQW�DQG�VROYHQW��
& $YHUDJH�VL]H�RI�EODQNHWV��DQG
& 1XPEHU�RI�SUHVVHV�SHU�IDFLOLW\�
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7KH� SXUSRVH� RI� WKLV� JHQHUDO� SRSXODWLRQ� H[SRVXUH� DVVHVVPHQW� LV� WR� GHWHUPLQH� QRQ�
RFFXSDWLRQDO�H[SRVXUHV�WR�OLWKRJUDSK\�EODQNHW�ZDVK�FKHPLFDOV���7KLV�GHWHUPLQDWLRQ�DGGUHVVHV
FRQWDFW�E\�SHRSOH�ZKR�DUH�QRW�GLUHFWO\�LQYROYHG�LQ�WKH�OLWKRJUDSK\�SURFHVV���3HRSOH�ZKR�OLYH�QHDU
D� SULQWLQJ� IDFLOLW\� PD\� EUHDWKH� DLU� FRQWDLQLQJ� VPDOO� DPRXQWV� RI� YDSRUV� IURP� HYDSRUDWLRQ� RI
SURGXFWV�DW�WKH�SULQWLQJ�IDFLOLW\���5HVLGXHV�IURP�WKH�EODQNHW�ZDVK�SURGXFWV�HQWHU�WKH�HQYLURQPHQW
ZKHQ�IDFLOLWLHV��HLWKHU�SULQWHU�IDFLOLWLHV�RU�ODXQGULHV�ZDVKLQJ�WKH�UDJV��GLVFKDUJH�WKH�SURGXFWV�GRZQ
WKH�GUDLQ��HLWKHU�WR�D�SXEOLFO\�RZQHG�WUHDWPHQW�ZRUNV��327:��RU�WKURXJK�D�VHSWLF�V\VWHP���2QFH
WKH�FKHPLFDOV�HQWHU�VXUIDFH�ZDWHU��WKH\�PD\�WUDYHO�GRZQVWUHDP�DQG�HQWHU�D�GULQNLQJ�ZDWHU�IDFLOLW\�
3HRSOH�FRXOG� WKHQ�EH�H[SRVHG�E\�GULQNLQJ� WKLV�ZDWHU�� �3HRSOH�PD\�DOVR�GULQN�ZHOO�ZDWHU� WKDW
FRQWDLQV�FRQWDPLQDQWV�WKDW�KDYH�PLJUDWHG�IURP�D�ODQGILOO�ZKHUH�ZDVWHV��HVSHFLDOO\�UDJV�DQG�HPSW\
FRQWDLQHUV��DUH�GLVSRVHG���)RU�HDFK�RI�WKHVH�FRQWDFW�URXWHV��WKH�DPRXQW�RI�H[SRVXUH�GHSHQGV�RQ
VHYHUDO� IDFWRUV�� � GLVWDQFH� IURP� WKH� IDFLOLW\�� WKH� DFWXDO� URXWHV� RI� FRQWDFW� �VXFK� DV� GULQNLQJ�
EUHDWKLQJ��WRXFKLQJ���WKH�OHQJWK�RI�WLPH�WKH�FKHPLFDO�KDV�EHHQ�LQ�WKH�HQYLURQPHQW��DQG�WKH�ZD\
WKDW� WKH� FKHPLFDO�PRYHV� WKURXJK� WKH� HQYLURQPHQW�� � 7KH� SRWHQWLDO� H[SRVXUHV� DOVR� GHSHQG� RQ
HQYLURQPHQWDO�FRQGLWLRQV��LQFOXGLQJ�WKH�ZHDWKHU�DQG�WKH�YROXPH�RI�ZDWHU�LQ�WKH�VWUHDP�RU�ULYHU
ZKLFK�UHFHLYHV�WKH�IDFLOLW\
V�GLVFKDUJHV�

7KH�JHQHUDO�SRSXODWLRQ�H[SRVXUH�DVVHVVPHQW�VKRXOG�QRW�EH�FRPSDUHG�WR�WKH�RFFXSDWLRQDO
KHDOWK�VWDQGDUGV�WR�GHWHUPLQH�LI�DQ�H[SRVXUH�LV�UHDVRQDEOH�RU�QRW���0DQ\�RFFXSDWLRQDO�VWDQGDUGV
DUH�EDVHG�RQ�WHFKQRORJLFDO�IHDVLELOLW\��UDWKHU�WKDQ�LGHDO�ULVN�UHGXFWLRQ���)XUWKHUPRUH��PHDVXULQJ
LQWHUQDO� IDFLOLW\� FRQWDPLQDQW� OHYHOV� PD\� QRW� EH� VXIILFLHQW� WR� GHWHUPLQH� VLJQLILFDQW� JHQHUDO
SRSXODWLRQ�H[SRVXUH���&HUWDLQ�W\SHV�RI�FRQWUROV�VLPSO\�PRYH�WKH�FKHPLFDO�IURP�LQVLGH�WKH�SODQW�WR
WKH�RXWGRRUV��FUHDWLQJ�KLJKHU�FRQFHQWUDWLRQV�RXWVLGH�WKH�IDFLOLW\�WKDQ�LQVLGH�WKH�IDFLOLW\���6RPH
SDWKZD\V� RI� H[SRVXUH�� VXFK� DV� WKH� GULQNLQJ�ZDWHU� SDWK�� GR�QRW� H[LVW� IRU�ZRUNHUV�� � ,W� LV� DOVR
LPSRUWDQW�WR�QRWH�WKDW�VRPH�FKHPLFDOV�PD\�KDYH�D�PRUH�VLJQLILFDQW�LPSDFW�RQ�D�VSHFLILF�VHJPHQW
RI�WKH�JHQHUDO�SRSXODWLRQ��VXFK�DV�FKLOGUHQ��WKDQ�RQ�D�W\SLFDO�ZRUNHU�

&KDSWHU���FRQWDLQV�VXPPDULHV�IRU�WKH�IDWH�RI�DOO�RI�WKH�FKHPLFDOV�LGHQWLILHG�DV�EHLQJ�XVHG
LQ�EODQNHW�ZDVK�SURGXFWV���7KH�IDWH�RI�WKH�FKHPLFDO�LQ�WKH�HQYLURQPHQW�LV�KRZ�ZH�UHIHU�WR�WKH
EUHDNGRZQ��WUDQVIRUPDWLRQ��DQG�PRELOLW\�RI�WKH�FKHPLFDO�WKURXJK�DLU��ZDWHU��DQG�ODQG���&KHPLFDO
IDWH�GLIIHUV�IRU�UHOHDVH�WKURXJK�D�ZDVWH�ZDWHU�WUHDWPHQW�IDFLOLW\�DV�RSSRVHG�WR�DQ�DLU�UHOHDVH�RU�D
ODQGILOO�UHOHDVH���'HILQLWLRQV�RI�WKH�WHUPV�XVHG�WR�GHVFULEH�WKH�IDWH�DUH�DOVR�LQFOXGHG�LQ�&KDSWHU���
)RU�WKLV�DVVHVVPHQW��WKH�SHUFHQW�UHPRYDO�GXULQJ�ZDVWHZDWHU�WUHDWPHQW�DQG�WKH�KDOI�OLIH�RI�WKH
FKHPLFDO�LQ�DLU�DUH�WKH�SULPDU\�HOHPHQWV�WDNHQ�IURP�WKH�IDWH�DVVHVVPHQW����7KH�RWKHU�SURSHUWLHV
DQG�SURFHVVHV�OLVWHG�ZHUH�XVHG�WR�GHULYH�RU�HVWLPDWH�WKHVH�YDOXHV�

�7KLV�DVVHVVPHQW�DGGUHVVHV�WZR�SHUVSHFWLYHV���ORFDO�DQG�UHJLRQDO���7KH�ORFDO�SRLQW�RI�YLHZ
FRQVLGHUV�D�VLQJOH�IDFLOLW\�LQ�QRUPDO�RSHUDWLRQ���,W�ZLOO�KDYH�FHUWDLQ�UHOHDVHV�WKDW�DIIHFW�D�VSHFLILF
DUHD�DQG�VSHFLILF�ORFDO�SRSXODWLRQ���6LQFH�LQIRUPDWLRQ�LV�QRW�DYDLODEOH�IRU�HDFK�OLWKRJUDSK\�IDFLOLW\�
D��PRGHO�IDFLOLW\��DSSURDFK�LV�XVHG�WR�FDOFXODWH�W\SLFDO�UHOHDVHV�DQG�HQYLURQPHQWDO�FRQFHQWUDWLRQV�
7KLV�DSSURDFK�ZLOO�QRW�DOORZ�XV�WR�VSHFLI\�WKH�QXPEHU�RI�SHRSOH�DURXQG�WKH�IDFLOLW\�EHFDXVH�WKH
SRSXODWLRQ�YDULHV�FRQVLGHUDEO\�GHSHQGLQJ�RQ�WKH�ORFDWLRQ�RI�WKH�SULQWLQJ�IDFLOLW\���7KH�UHJLRQDO
SHUVSHFWLYH�SURYLGHV�LQVLJKW�LQWR�WKH�RYHUDOO�LPSDFW�RI�UHOHDVHV�IURP�DOO�RI�WKH�SULQWLQJ�IDFLOLWLHV�IRU
WKH�JHQHUDO�SRSXODWLRQ���:KLOH�RQH�IDFLOLW\�PD\�QRW�EH�UHOHDVLQJ�YHU\�PXFK�RI�DQ\�JLYHQ�FKHPLFDO�
WKH�FXPXODWLYH�HIIHFW�RI�DOO�RI�WKH�SULQWHUV�LQ�DQ�DUHD�FRXOG�EH�VHULRXV���7KH�UHJLRQDO�SHUVSHFWLYH
ZDV�PRGHOHG�XVLQJ�IDFLOLWLHV�ORFDWHG�LQ�D�VLQJOH�FLW\��'HQYHU��&RORUDGR��WR�SURYLGH�DQ�H[DPSOH�RI
FXPXODWLYH�H[SRVXUHV�

7KLV�H[SRVXUH�DVVHVVPHQW�VKRXOG�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�KHDOWK�DVVHVVPHQW�WR
SURYLGH�D�EDODQFHG�SLFWXUH�RI�ULVN���7KH�VSHFLILF�HIIHFWV�RI�D�FKHPLFDO��VXFK�DV�DFXWH��VKRUW�WHUP�
HIIHFWV�RU�FKURQLF��ORQJ�WHUP��HIIHFWV��GHWHUPLQH�ZKDW�SHULRG�V��RI�H[SRVXUH�WR�FRQVLGHU���)RU�ORQJ�
WHUP� �FKURQLF�� HIIHFWV�� VXFK� DV� FDUFLQRJHQLFLW\�� LW� LV�PRVW� KHOSIXO� WR� KDYH� DYHUDJH�� RU� W\SLFDO�
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H[SRVXUHV��VLQFH�WKH�HIIHFW�GHSHQGV�RQ�WKH�FXPXODWLYH�H[SRVXUH���)RU�DFXWH�HIIHFWV��ZKLFK�FDQ
LQFOXGH�WKLQJV�VXFK�DV�H\H�LUULWDWLRQ��D�SHDN�H[SRVXUH�HVWLPDWH�ZRXOG�EH�PRUH�KHOSIXO���7KLV�FDQ
WKHQ�EH�FRPSDUHG�ZLWK�OHYHOV�DW�ZKLFK�WKH�FKHPLFDO�LV�NQRZQ�WR�FDXVH�LPPHGLDWH�KHDOWK�SUREOHPV�
6LQFH�WKH�LQIRUPDWLRQ�ZKLFK�ZRXOG�DOORZ�SHDN�H[SRVXUHV�WR�EH�FDOFXODWHG�LV�QRW�DYDLODEOH��DYHUDJH
FRQFHQWUDWLRQV�DUH�FDOFXODWHG�LQ�WKLV�DVVHVVPHQW�

8QFHUWDLQW\

(VWLPDWLQJ�H[SRVXUHV�LV�D�VFLHQFH�ZKHUH�PDQ\�SLHFHV�DUH�DSSUR[LPDWHG��OHDGLQJ�WR�VRPH
XQFHUWDLQW\�LQ�WKH�UHVXOWV�RI�WKH�HVWLPDWHV���,Q�WKLV�DVVHVVPHQW�ZH�XVHG�D�PRGHO�IDFLOLW\�DSSURDFK�
ZKHUH�WKH�PRGHO�IDFLOLW\�ZDV�QRW�DQ�DFWXDO�SULQWLQJ�IDFLOLW\�ZKLFK�H[LVWV����,Q�RXU�PRGHOLQJ��ZH�KDYH
IL[HG� FHUWDLQ�GDWD�SRLQWV� WR� VSHFLILF� YDOXHV�� �$OWKRXJK�ZH�KDYH�SUHYLRXVO\�XVHG�ZHDWKHU�GDWD
VSHFLILFDOO\� IRU� � 6DQ� %HUQDUGLQR�� WKLV� GRHV� QRW�PHDQ� WKDW� WKH� FRQFHQWUDWLRQ� UHVXOWV� KDYH� QR
PHDQLQJ� IRU�D�GLIIHUHQW� ORFDWLRQ�� �0DQ\� ORFDWLRQV�ZRXOG�KDYH�URXJKO\� WKH�VDPH�FRQFHQWUDWLRQ
UHVXOWV�DV�6DQ�%HUQDUGLQR��DQG�QR�ORFDWLRQV�ZRXOG�KDYH�FRQFHQWUDWLRQV�RI�OHVV�WKDQ�RQH�WHQWK�RI
WKH�UHVXOWV�IRU�6DQ�%HUQDUGLQR���2IWHQ��GDWD�SDUDPHWHUV�DUH�IL[HG�EHFDXVH�ZH�NQRZ�ZKDW�VHOHFWLQJ
WKLV�FRPELQDWLRQ�RI�YDOXHV�GRHV�WR�WKH�UHODWLYH�YDOXH�RI�WKH�ULVN���7KH�EXLOGLQJ�KHLJKW���WHPSHUDWXUH
DQG�WKH�H[LW�YHORFLW\�LQ�DLU�PRGHOLQJ�DUH�H[DPSOHV�RI�WKHVH�W\SHV�RI�SDUDPHWHUV���:H�KDYH�VHW�WKHP
WR�PD[LPL]H�WKH�DYHUDJH�FRQFHQWUDWLRQV�FORVH�WR�WKH�IDFLOLW\����6RPH�SHRSOH�ZRXOG�FDOO�WKLV�D�ZRUVW
FDVH��RU�D�ERXQGLQJ�HVWLPDWH���,Q�DFWXDOLW\��VLQFH�ZH�KDYH�SUHVHQWHG�D�VFHQDULR�IRU�PRGHOLQJ��EXW
GR�QRW�NQRZ�KRZ�RIWHQ�WKRVH�H[SRVXUH�OHYHOV� �RU��SRWHQWLDO�GRVHV��DFWXDOO\�H[LVW��WKH�H[SRVXUH
HVWLPDWHV��VKRXOG�EH�ODEHOHG�D�§:KDW�LI�¨���7KHVH�:KDW�LI�HVWLPDWHV�DQVZHU�D�TXHVWLRQ�VLPLODU�WR
§:KDW�KDSSHQV�LI�WKH�EXLOGLQJ�LV�DOZD\V�WKUHH�PHWHUV�WDOO��WKH�DLU�HVFDSLQJ�KDV�OLWWOH�H[LW�YHORFLW\�
DQG�LV�DPELHQW�WHPSHUDWXUH"¨��,W�LV�D�YHU\�JRRG�EDVLV�IRU�FRPSDULQJ�ULVN�EHWZHHQ�IRUPXODWLRQV��

2YHUYLHZ�E\�0HGLD

7KH�IROORZLQJ�VHFWLRQV�SURYLGH�DQ�RYHUYLHZ�RI�JHQHUDO�SRSXODWLRQ�H[SRVXUHV�WKDW�PD\�RFFXU
YLD�DLU��VXUIDFH�ZDWHU��VHSWLF�V\VWHPV��DQG�ODQGILOOV�

$LU

/RFDO�([SRVXUH���5HOHDVHV�WR�DLU�UHVXOW�IURP�HYDSRUDWLRQ�RI�FKHPLFDOV�GXULQJ�WKH�EODQNHW
ZDVK�SURFHVV�� � �$FWLYLWLHV� LQFOXGH�DOORZLQJ�EODQNHWV� WR�GU\��XVLQJ�VKRS� WRZHOV�GXULQJ�EODQNHW
FOHDQLQJ��RU�RSHQLQJ�WKH�FRQWDLQHUV�WKDW�KROG�WKH�EODQNHW�ZDVK���7KHVH�YDSRUV�DUH�WKHQ�FDUULHG�E\
DQG�PL[HG�ZLWK�RXWVLGH�DLU���7KH�UHVXOWLQJ�DLU�FRQFHQWUDWLRQ�ZLOO�GHSHQG�RQ�ZHDWKHU�FRQGLWLRQV�
6WDJQDQW�FRQGLWLRQV�ZLOO�QRW�PRYH�YDSRUV�DZD\�TXLFNO\��VR�ORFDO�FRQFHQWUDWLRQV�RI�WKH�FKHPLFDO�ZLOO
EH�KLJKHU�WKDQ�WKH�FRQFHQWUDWLRQV�IDUWKHU�IURP�WKH�SODQW���8QGHU�ZLQG\�FRQGLWLRQV��WKH�YDSRUV�ZLOO
EH�FDUULHG�DZD\�IDVWHU��UHGXFLQJ�WKH�ORFDO�FRQFHQWUDWLRQV���7KH�QXPEHU�RI�SHRSOH�PD\�LQFUHDVH�RU
GHFUHDVH�ZLWK�GLVWDQFH�IURP�WKH�IDFLOLW\���7KH�ORFDWLRQ�RI�WKH�SULQWLQJ�IDFLOLW\�ZLOO�DOVR�LQIOXHQFH�WKH
H[SRVXUH�� � ,I� WKH� ORFDWLRQ� LV� NQRZQ�� WKH� H[SRVXUH� DVVHVVRU� ZLOO� XVH� D� FRPSXWHU� SURJUDP� WR
GHWHUPLQH�ZHDWKHU�SDWWHUQV���7KH�QXPEHU�RI�SHRSOH�DURXQG�D�NQRZQ�IDFLOLW\�ZLOO�EH�GHWHUPLQHG�E\
XVLQJ�FHQVXV�GDWD��

)RU�RXU�PRGHO�IDFLOLW\��ZH�DVVXPH�D�EXLOGLQJ�KHLJKW�RI�WKUHH�PHWHUV��DQG�D�ZLGWK�RI���
PHWHUV�� �7KLV� LV�D�EXLOGLQJ�DSSUR[LPDWHO\� WKH�VL]H�RI�D�RQH�FDU�JDUDJH�� �:H�WKHQ�SLFN�VDPSOH
ZHDWKHU�FRQGLWLRQV�WR�GHWHUPLQH�ZKDW�WKH�DLU�FRQFHQWUDWLRQ�RI�D�FKHPLFDO�ZLOO�EH�DW�D�VHW�GLVWDQFH
IURP�WKH�SULQWLQJ�IDFLOLW\���6DQ�%HUQDUGLQR�LV�XVHG�EHFDXVH�WKH�ZHDWKHU�FRQGLWLRQV�WKHUH�ZLOO�UHVXOW
LQ�WKH�KLJKHVW�DYHUDJH�FRQFHQWUDWLRQV�DURXQG�WKH�IDFLOLW\�RI�DQ\�RI�WKH�DSSUR[LPDWHO\�����ZHDWKHU
VWDWLRQV�LQ�WKH�8QLWHG�6WDWHV���7KH�DYHUDJH�FRQFHQWUDWLRQV�DURXQG�6DQ�%HUQDUGLQR�DUH�ZLWKLQ�DQ
RUGHU�RI�PDJQLWXGH��SRZHU�RI�WHQ��RI�FRQFHQWUDWLRQV�H[SHFWHG�DQ\ZKHUH�HOVH�LQ�WKH�FRXQWU\����,I�WKH
6DQ�%HUQDUGLQR�DYHUDJH�FRQFHQWUDWLRQ�ZHUH�HVWLPDWHG�DV�����J�P ��WKHQ�WKH�DYHUDJH�FRQFHQWUDWLRQ�

DQ\ZKHUH�LQ�WKH�FRXQWU\�ZRXOG�EH�JUHDWHU�WKDQ����J�P ��
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7KH�PRGHO�XVHG�LV�FDOOHG�,QGXVWULDO�6RXUFH�&RPSOH[�/RQJ�7HUP��,6&/7����,W�ZDV�GHYHORSHG
DV�D�UHJXODWRU\�PRGHO�E\�WKH�(3$ªV�2IILFH�RI�$LU�DQG�5DGLDWLRQ���7KH�2IILFH�RI�3ROOXWLRQ�3UHYHQWLRQ
DQG�7R[LFV�XVHV�DQ�LPSOHPHQWDWLRQ�RI�,6&/7�LQ�WKH�*UDSKLFDO�([SRVXUH�0RGHOLQJ�6\VWHP��*(06��
$SSHQGL[�%�FRQWDLQV�DQ�H[DPSOH�RI�DQ�LQSXW�ILOH�IRU�WKLV�PRGHO���([FHSW�IRU�LWHPV�LGHQWLILHG��WKH
SDUDPHWHUV�HQWHUHG�DUH�WKH�UHJXODWRU\�GHIDXOWV���7KH�PRGHO�ZLOO�FDOFXODWH�PRUH�WKDQ�RQH�FKHPLFDO
DW�D� WLPH�DQG� LV� UXQ� LQ�XUEDQ���PRGH�� �$OVR�HQWHUHG� LQWR� WKH�PRGHO� LV� WKH�GHFD\� UDWH�RI� WKH
FKHPLFDO���7R�FRQYHUW�IURP�WKH�KDOI�OLIH�RI�WKH�FKHPLFDO��JLYHQ�LQ�WKH�IDWH�VXPPDULHV�LQ�&KDSWHU���
WR�WKH�GHFD\�UDWH�LQ�LQYHUVH�VHFRQGV��GLYLGH��������WKH�QDWXUDO�ORJ�RI����E\�WKH�KDOI�OLIH�LQ�VHFRQGV�

7KH�DPRXQW�UHOHDVHG��JLYHQ�LQ�WKLV�GRFXPHQW�LQ�XQLWV�RI�JUDPV�SHU�VHFRQG��LV�FDOFXODWHG
LQ�JUDPV�SHU�VHFRQG�SHU�PHWHU�VTXDUHG���6LQFH�RXU�PRGHO�IDFLOLW\�LV����PHWHUV�SHU�VLGH��RU����
PHWHUV�VTXDUH��WKH�UHOHDVH�LV�GLYLGHG�E\�����

,Q�RUGHU�WR�REWDLQ�WKH�FRQFHQWUDWLRQ�DW�����PHWHUV��D�VSHFLDO�SRODU�JULG�ZDV�HQWHUHG���7KH
ULQJ�GLVWDQFHV�VSHFLILHG�ZHUH�����PHWHUV������PHWHUV������PHWHUV������PHWHUV������PHWHUV�����
PHWHUV������PHWHUV������PHWHUV������PHWHUV�DQG�D�NLORPHWHU���7KH�DLU�GLVSHUVLRQ�PRGHO�FDOFXODWHV
WKH�DYHUDJH�DLU�FRQFHQWUDWLRQV�RI�WKH�FKHPLFDO�YDSRUV�LQ�WKH�VSHFLILHG�VHFWRUV���7KH�VHFWRUV�DUH
GHILQHG�E\� WKH� ULQJV�DQG� WKH�FRPSDVV�SRLQWV�� IRUPLQJ�DQ�DUF�VKDSHG�DUHD�� �7KHUH�ZHUH� WKUHH
FDOFXODWLRQV�SHU�VHFWRU����7KH�FRPSDVV�SRLQW�ZLWK�WKH�KLJKHVW�FRQFHQWUDWLRQ�DW�����PHWHUV�ZDV�WKHQ
XVHG�WR�GHWHUPLQH�H[SRVXUH���7KH�ORFDWLRQ�ZDV�DW���(��WKDW�LV��HDVW��

)URP�WKH�FRQFHQWUDWLRQ�LQ�WKH�DLU��WKH�DPRXQW�ZLWK�ZKLFK�DQ�LQGLYLGXDO�PD\�DFWXDOO\�FRPH
LQ�FRQWDFW�FDQ�EH�FDOFXODWHG�E\�NQRZLQJ�WKH�EUHDWKLQJ�UDWH���$�PRGHUDWHO\�DFWLYH�DGXOW�EUHDWKHV
���P �SHU�GD\���7KH�IRUPXOD�IRU�DQ�DQQXDO�GRVH�LV��

$QQXDO�'RVH�� ��&RQFHQWUDWLRQ�[�'DLO\�,QKDODWLRQ�5DWH�[�'D\V�SHU�\HDU

ZKHUH�WKH�FRQFHQWUDWLRQ� LV� LQ��J�P ��DQG�WKH�EUHDWKLQJ�UDWH� LV� LQ�FXELF�PHWHUV�SHU�GD\�� �7KH�

SRWHQWLDO�GRVH�QRUPDOL]HG�IRU�ERG\�PDVV�FDOFXODWHG�SHU�GD\�IRU�WKH�HQWLUH�OLIHWLPH��LV�FDOOHG�WKH
/LIHWLPH�$YHUDJH�'DLO\�'RVH�RU�/$''��7DEOH��������7KH�IRUPXOD�IRU�WKLV�GRVH�UDWH�LV�

������������������������������������������������&RQFHQWUDWLRQ�[�'DLO\�,QKDODWLRQ�5DWH�[�������PJ��J
�������������������������/$''����� �����������������������������������������������������������������������
�����������������������������������������������������������������������$YHUDJH�%RG\�:HLJKW�

7KH�DYHUDJH�ERG\�ZHLJKW�XVHG�LQ�WKLV�DVVHVVPHQW�LV����NJ��DQ�DYHUDJH�DGXOW�����6LQFH�WKHUH�LV�QR
UDWLR�IRU�WKH�SHUFHQWDJH�RI�GD\V�VSHQW�EUHDWKLQJ�DLU�FRQWDLQLQJ�HYDSRUDWHG�EODQNHW�ZDVK�FKHPLFDOV�
WKLV�FDOFXODWLRQ�DVVXPHV�WKDW�D�SHUVRQ�ZLOO�EH�EUHDWKLQJ�WKLV�FRQFHQWUDWLRQ�HYHU\�GD\�RI�WKHLU�OLIH�

8QFHUWDLQW\

:LWKLQ�RXU�VFHQDULR��WKHUH�DUH�VSHFLILF�SDUDPHWHUV�ZKLFK�DIIHFW�ILQDO�FRQFHQWUDWLRQV�DQG
WKHUHIRUH�ILQDO�H[SRVXUHV�PRUH�WKDQ�RWKHUV����6LQFH�ZH�DUH�XVLQJ�WKH�HVWLPDWHV�IRU�FRPSDULVRQ��WKH
VLQJOH�PRVW�LPSRUWDQW�IDFWRU�LV�WKH�DPRXQW�RI�WKH�VXEVWDQFH�UHOHDVHG�SHU�IRUPXODWLRQ���7KLV�LV�WUXH
IRU�ERWK�DLU�DQG�ZDWHU�

$LU�UHOHDVHV�KDYH�PDQ\�IDFWRUV�ZKLFK�IROG�LQWR�WKH�EHKDYLRU�RI�WKH�FKHPLFDO���$�VWURQJHU�IDQ
ZLOO�LQFUHDVH�WKH�QXPEHU�RI�SHRSOH�RXWVLGH�WKH�IDFLOLW\�ZKR�FRPH�LQ�FRQWDFW�WKH�FKHPLFDO��EHFDXVH
WKH�FKHPLFDO�ZLOO�VWD\�FRQFHQWUDWHG�IDUWKHU���$�KLJKHU�WHPSHUDWXUH�ZLOO�FDXVH�WKH�FKHPLFDO�WR�ULVH
LQ� WKH� DLU�� � 7KH� UHODWLYH� GLIIHUHQFHV� EHWZHHQ� WKHVH� WKLQJV� LV� QRW� DV� VLJQLILFDQW� WR� WKH� ILQDO
FRQFHQWUDWLRQ�DV�LV�WKH�DPRXQW�UHOHDVHG�
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Table 3-3.  Single Facility 100 Meter Air Concentrations and Residential 
Population Potential Dose Rates 1

Form.
Number

Chemical Components Concentration Pot. Dose LADD
100 Meter Annual

(µg/m ) (mg/year) (mg/kg/day)3

1 Fatty acid derivatives 10 80 3 x 10
Alkoxylated alcohols 3 20 8 x 10

-3

-4

3 Hydrocarbons, petroleum distillates 4 30 1 x 10
Fatty acid derivatives
Hydrocarbons, aromatic 4.2 28.7 1.29 x 10
Alkyl benzene sulfonates

-3

-3

4 Terpenes 10 70 3 x 10
Ethoxylated nonylphenol

-3

5 Water 
Hydrocarbons, aromatic 4 30 1 x 10
Ethylene glycol ethers 2 10 5 x 10
Ethoxylated nonylphenol
Alkyl benzene sulfonates
Alkoxylated alcohols
Alkali/salts

-3

-4

6 Fatty acid derivatives
Hydrocarbons, petroleum distillates 3 20 9 x 10
Hydrocarbons, aromatic 1 7 3 x 10
Alkyl benzene sulfonates

-4

-4

7 Terpenes 12 95 4.5 x 10
Ethoxylated nonylphenol
Alkoxylated alcohols

-3

8 Water 
Hydrocarbons, aromatic 3 20 9 x 10
Propylene glycol ethers 2 20 6 x 10
Alkyl benzene sulfonates
Ethoxylated nonylphenol
Alkoxylated alcohols
Alkali/salts

-4

-4

9 Fatty acid derivatives
Water
Ethoxylated nonylphenol

10 Fatty acid derivatives
Water

11 Fatty acid derivatives
Hydrocarbons, petroleum distillates 5 40 1 x 10
Hydrocarbons, aromatic 9 x 10 7 3 x 10
Alkyl benzene sulfonates

-1

-3

-4

12 Hydrocarbons, petroleum distillates 5.9 47 1.3 x 10-3

14 Fatty acid derivatives
Propylene glycol ethers 1 9 4 x 10-4

16 Terpenes 12.5 100 4.6 x 10-3
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Form.
Number

Chemical Components Concentration Pot. Dose LADD
100 Meter Annual

(µg/m ) (mg/year) (mg/kg/day)3
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17 Ethoxylated nonylphenol
Glycols 5 x 10 4 1 x 10
Fatty acid derivatives
Alkali/salts
Water

-1 -4

18 Fatty acid derivatives
Hydrocarbons, petroleum distillates 4 30 1 x 10
Hydrocarbons, aromatic 9 x 10 7 3 x 10
Dibasic esters 1.8 12 6 x 10
Esters/lactones 6 x 10 4 2 x 10
Alkyl benzene sulfonates

-1

-1

-3

-4

-4

-4

19 Fatty acid derivatives
Propylene glycol ethers 9 70 3 x 10-3

20 Hydrocarbons, petroleum distillates 2 10 5 x 10
Hydrocarbons, aromatic 1 9 3 x 10
Alkyl benzene sulfonates

-4

-4

21 Hydrocarbons, aromatic 3 20 7 x 10
Hydrocarbons, petroleum distillates 4 30 1 x 10
Fatty acid derivatives

-4

-3

22 Fatty acid derivatives
Hydrocarbons, aromatic 3 20 9 x 10-4

23 Terpenes 6 40 2 x 10
1 x 10

Alkoxylated alcohols 4 30 1 x 10

-3

Nitrogen heterocyclics 4 30   -3

-3

24 Terpenes 2 20 7 x 10
2 x 10

Ethoxylated nonylphenol
Alkyl benzene sulfonates
Alkali/salts

-1

-4

Ethylene glycol ethers 6 x 10 4   -4

25 Terpenes 12.3 93 4.4 x 10
Esters/lactones 6 x 10 4 2 x 10-1

-3

-4

26 Fatty acid derivatives
Esters/lactones

27 Terpenes 21 140 6.3 x 10-3

28 Hydrocarbons, petroleum distillates 10 70 3 x 10-3

29 Fatty acid derivatives

30 Hydrocarbons, aromatic 9 60 2 x 10
4 x 10

-3

Propylene glycol ethers 1 10   -4

31 Hydrocarbons, aromatic 2 10 5 x 10
Hydrocarbons, petroleum distillates 10 70 3 x 10

-4

-3

32 Hydrocarbons, petroleum distillates 10 90 3 x 10-3

33 Hydrocarbons, petroleum distillates 3 20 9 x 10
Hydrocarbons, aromatic 3 20 9 x 10
Propylene glycol ethers 6 x 10 4 2 x 10-1

-4

-4

-4
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Form.
Number

Chemical Components Concentration Pot. Dose LADD
100 Meter Annual

(µg/m ) (mg/year) (mg/kg/day)3
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34 Water
Terpenes 3 20 7 x 10
Hydrocarbons, petroleum distillates 2 20 6 x 10
Alkoxylated alcohols
Fatty acid derivatives

-4

-4

35 Hydrocarbons, petroleum distillates 2 10 5 x 10
Hydrocarbons, aromatic 10 70 3 x 10

-4

-3

36 Fatty acid derivatives
Hydrocarbons, petroleum distillates 2 20 7 x 10
Hydrocarbons, aromatic 1 8 3 x 10
Propylene glycol ethers 6 x 10 4 2 x 10-1

-4

-4

-4

37 Water
Hydrocarbons, petroleum distillates 12 80 4 x 10
Hydrocarbons, aromatic 5 40 1 x 10

-3

-3

38 Hydrocarbons, petroleum distillates 8 60 2 x 10
Alkoxylated alcohols 2 20 6 x 10
Fatty acid derivatives

-3

-4

39 Water
Hydrocarbons, petroleum distillates 3 20 7 x 10
Propylene glycol ethers 1 10 4 x 10
Alkanolamines
Ethylene glycol ethers 7 x 10 5 2 x 10-1

-4

-4

-4

40 Hydrocarbons, aromatic 2 10 5 x 10
Hydrocarbons, petroleum distillates 2 20 6 x 10
Fatty acid derivatives
Ethoxylated nonylphenol

-4

-4

A blank space in the table indicates that there were no air releases for the chemical because the chemical would not1

evaporate readily.

5HJLRQDO�([SRVXUH�� �)RU� WKH�VHFRQG�DSSURDFK�� WKH�RYHUDOO� JHQHUDO�SRSXODWLRQ�H[SRVXUH
SLFWXUH�UHVXOWLQJ�IURP�PXOWLSOH�SULQWLQJ�IDFLOLWLHV�ZDV�VRXJKW���7KH�WRWDO�UHVLGHQWLDO�SRSXODWLRQ
H[SRVHG�WR�EODQNHW�ZDVK�FKHPLFDOV�ZDV�QRW�DYDLODEOH��VLQFH�WKH�ORFDWLRQV�RI�DOO�WKH�OLWKRJUDSK\
IDFLOLWLHV�DFURVV�WKH�FRXQWU\�DUH�QRW�NQRZQ���,QVWHDG��D�VLQJOH�FLW\�ZDV�XVHG�DQG�DOO�NQRZQ�IDFLOLWLHV
ZLWKLQ� WKDW� FLW\�ZHUH�PRGHOHG� WR� SURYLGH� D� JHQHUDO� LGHD� RI� H[SRVXUHV� WKDW�PLJKW� UHVXOW� IURP
FXPXODWLYH�UHOHDVHV���'HQYHU�ZDV�FKRVHQ�DV�DQ�H[DPSOH�FLW\��7DEOH��������:LWKLQ�WKH�FLW\�OLPLWV�RI
'HQYHU��'XQ�DQG�%UDGVWUHHW� UHSRUW� ���� OLWKRJUDSKHUV�� � 7KH� H[DPSOH� DVVXPHV� WKDW� DOO� RI� WKH
OLWKRJUDSKHUV� LQ� 'HQYHU� XVH� HDFK� EODQNHW� ZDVK� IRUPXODWLRQ� DW� WKH� VDPH� WLPH�� � 7KH� DYHUDJH
FRQFHQWUDWLRQ� IRU� WKH� FLW\� RI�'HQYHU� LV� WKHQ� FDOFXODWHG�� XVLQJ� ORFDO�ZHDWKHU� GDWD�� � 7KH� ����
SRSXODWLRQ�IRU�WKH�FLW\�RI�'HQYHU�LV�DSSUR[LPDWHO\���������

,Q�WKLV�FDVH��WKH�PRGHO�XVHG�LV�%2;02'��DOVR�LPSOHPHQWHG�LQ�WKH�*UDSKLFDO�([SRVXUH
0RGHOLQJ� 6\VWHP�� � ,W� XVHV� D� SDUDPHWHU� FDOOHG� WKH� 7LPH� &RQVWDQW� WR� DFFRXQW� IRU� FKHPLFDO
GHJUDGDWLRQ���7KH�WLPH�FRQVWDQW�LV�WKH�LQYHUVH�RI�WKH�UDWH�RI�GHFD\��XVHG�IRU�WKH�,6&/7�PRGHO���7KLV
LV�DOVR�WKH�KDOI�OLIH�LQ�DLU�GLYLGHG�E\���������7KH�RWKHU�SDUDPHWHU�QHHGHG�WR�UXQ�WKH�PRGHO��LV�WKH
VL]H�RI�WKH�DUHD�EHLQJ�PRGHOHG���'HQYHU�LV��������VTXDUH�NLORPHWHUV��RU�������NLORPHWHUV�RQ�D�VLGH�
$Q�H[DPSOH�RI�D�%2;02'�UXQ�LV�ORFDWHG�LQ�$SSHQGL[�%�
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Table 3-4.  Denver Average Air Concentrations and Residential Population Potential Dose
Rates 1

Form.
Number

Chemical Components  Concentration Pot. Dose LADD
100 Meter Annual

(µg/m ) (mg/year) (mg/kg/day)3

1 Fatty acid derivatives 1 9 3 x 10
Alkoxylated alcohols 4 x 10 3 1 x 10-1

-4

-4

3 Hydrocarbons, petroleum distillates 6 x 10 4 2 x 10
Fatty acid derivatives
Hydrocarbons, aromatic 6.5 x 10 5 1.45 x 10
Alkyl benzene sulfonates

-1

-1

-4

-4

4 Terpenes 1 8 3 x 10
Ethoxylated nonylphenol

-4

5 Water 
Hydrocarbons, aromatic 6 x 10 4 2 x 10
Ethylene glycol ethers 2 x 10 1 6 x 10
Ethoxylated nonylphenol
Alkyl benzene sulfonates
Alkoxylated alcohols
Alkali/salts

-1

-1

-4

-5

6 Fatty acid derivatives
Hydrocarbons, petroleum distillates 5 x 10 4 1 x 10
Hydrocarbons, aromatic 2 x 10 1 6 x 10
Alkyl benzene sulfonates

-1

-1

-4

-5

7 Terpenes 1.72 12.6 4.56 x 10
Ethoxylated nonylphenol
Alkoxylated alcohols

-4

8 Water 
Hydrocarbons, aromatic 5 x 10 4 1 x 10
Propylene glycol ethers 3 x 10 2 9 x 10
Alkyl benzene sulfonates
Ethoxylated nonylphenol
Alkoxylated alcohols
Alkali/salts

-1

-1

-4

-5

9 Fatty acid derivatives
Water
Ethoxylated nonylphenol

10 Fatty acid derivatives
Water

11 Fatty acid derivatives
Hydrocarbons, petroleum distillates 8 x 10 6 2 x 10
Hydrocarbons, aromatic 1 x 10 7 x 10 3 x 10
Alkyl benzene sulfonates

-1

-1 -1

-4

-5

12 Hydrocarbons, petroleum distillates 9 x 10 6.7 2.3 x 10-1 -4

14 Fatty acid derivatives
Propylene glycol ethers 2 x 10 1 6 x 10-1 -5

16 Terpenes 1.89 13.3 5.2 x 10-4
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Form.
Number

Chemical Components  Concentration Pot. Dose LADD
100 Meter Annual

(µg/m ) (mg/year) (mg/kg/day)3
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17 Ethoxylated nonylphenol
Glycols 4 x 10 3 x 10 1 x 10
Fatty acid derivatives
Alkali/salts
Water

-2 -1 -5

18 Fatty acid derivatives
Hydrocarbons, petroleum distillates 6 x 10 4 2 x 10
Hydrocarbons, aromatic 1 x 10 7 x 10 3 x 10
Dibasic esters 2.6 x 10 2 8 x 10
Esters/lactones 8 x 10 6 x 10 2 x 10
Alkyl benzene sulfonates

-1

-1

-1

-2

-1

-1

-4

-5

-5

-5

19 Fatty acid derivatives
Propylene glycol ethers 1 9 4 x 10-4

20 Hydrocarbons, petroleum distillates 3 x 10 2 9 x 10
Hydrocarbons, aromatic 2 x 10 1 6 x 10
Alkyl benzene sulfonates

-1

-1

-5

-5

21 Hydrocarbons, aromatic 4 x 10 3 1 x 10
Hydrocarbons, petroleum distillates 6 x 10 4 2 x 10
Fatty acid derivatives

-1

-1

-4

-4

22 Fatty acid derivatives
Hydrocarbons, aromatic 5 x 10 4 1 x 10-1 -4

23 Terpenes 8 x 10 6 2 x 10
Nitrogen heterocyclics 5 x 10 4 1 x 10
Alkoxylated alcohols 6 x 10 4 2 x 10

-1

-1

-1

-4

-4

-4

24 Terpenes 3 x 10 2 9 x 10
Ethylene glycol ethers 8 x 10 6 x 10 2 x 10
Ethoxylated nonylphenol
Alkyl benzene sulfonates
Alkali/salts

-1

-2 -1

-5

-5

25 Terpenes 1.63 12.4 4.59 x 10
Esters/lactones 8 x 10 6 x 10 2 x 10-2 -1

-4

-5

26 Fatty acid derivatives
Esters/lactones

27 Terpenes 3 23 7.9 x 10-4

28 Hydrocarbons, petroleum distillates 2 10 5 x 10-4

29 Fatty acid derivatives

30 Hydrocarbons, aromatic 1 9 4 x 10
Propylene glycol ethers 2 x 10 1 6 x 10-1

-4

-5

31 Hydrocarbons, aromatic 3 x 10 2 9 x 10
Hydrocarbons, petroleum distillates 2 10 6 x 10

-1 -5

-4

32 Hydrocarbons, petroleum distillates 2 10 5 x 10-4

33 Hydrocarbons, petroleum distillates 5 x 10 4 1 x 10
Hydrocarbons, aromatic 5 x 10 4 1 x 10
Propylene glycol ethers 8 x 10 6 x 10 2 x 10

-1

-1

-2 -1

-4

-4

-5
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Form.
Number

Chemical Components  Concentration Pot. Dose LADD
100 Meter Annual

(µg/m ) (mg/year) (mg/kg/day)3
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34 Water
Terpenes 3 x 10 2 9 x 10
Hydrocarbons, petroleum distillates 3 x 10 2 9 x 10
Alkoxylated alcohols
Fatty acid derivatives

-1

-1

-5

-5

35 Hydrocarbons, petroleum distillates 3 x 10 2 9 x 10
Hydrocarbons, aromatic 2 10 5 x 10

-1 -5

-4

36 Fatty acid derivatives
Hydrocarbons, petroleum distillates 4 x 10 3 1 x 10
Hydrocarbons, aromatic 2 x 10 1 6 x 10
Propylene glycol ethers 8 x 10 6 x 10 2 x 10

-1

-1

-2 -1

-4

-5

-5

37 Water
Hydrocarbons, petroleum distillates 1.8 14 6 x 10
Hydrocarbons, aromatic 8 x 10 6 2 x 10-1

-4

-4

38 Hydrocarbons, petroleum distillates 1 9 4 x 10
Alkoxylated alcohols 3 x 10 2 9 x 10
Fatty acid derivatives

-1

-4

-5

39 Water
Hydrocarbons, petroleum distillates 4 x 10 3 1 x 10
Propylene glycol ethers 2 x 10 1 6 x 10
Alkanolamines
Ethylene glycol ethers 9 x 10 7 x 10 3 x 10

-1

-1

-2 -1

-4

-5

-5

40 Hydrocarbons, aromatic 3 x 10 2 9 x 10
Hydrocarbons, petroleum distillates 3 x 10 2 9 x 10
Fatty acid derivatives
Ethoxylated nonylphenol

-1

-1

-5

-5

A blank space in the table indicates that there were no releases to air because the chemical would not evaporate1

readily.

6XUIDFH�:DWHU

5HOHDVHV� WR� VXUIDFH�ZDWHU� DUH� WKRVH� UHOHDVHV�GLVFKDUJHG� WKURXJK�D�GUDLQ�DW� D�SULQWLQJ
IDFLOLW\��RU�DW�D�ODXQGU\�IDFLOLW\�ODXQGHULQJ�UDJV�IURP�WKH�SULQWLQJ�IDFLOLW\�WKDW�HQG�XS�JRLQJ�WR�SXEOLF
VHZHUV� RU� 3XEOLFO\�2ZQHG�7UHDWPHQW�:RUNV� �327:V��� � 7KLV�GLVFKDUJH� LV� WUHDWHG�EHIRUH�EHLQJ
UHOHDVHG�� � 7KH� HIIHFWLYHQHVV� RI� WKH� WUHDWPHQW� GHWHUPLQHG� VR� WKDW� WKH� DPRXQW� DFWXDOO\� JHWWLQJ
WKURXJK�WR�WKH�UHFHLYLQJ�ZDWHU�ERG\�FDQ�EH�FDOFXODWHG���7KH�UHFHLYLQJ�ZDWHU�ZLOO�GLOXWH�WKH�GLVFKDUJH
IURP�WKH�327:��DQG�D�VWUHDP�FRQFHQWUDWLRQ�FDQ�EH�FDOFXODWHG�XVLQJ�VWUHDP�IORZ�LQIRUPDWLRQ�
6WUHDP�LQ�WKLV�FRQWH[W�PHDQV�WKH�UHFHLYLQJ�ERG\�RI�ZDWHU��DQG�DUH�FUHHNV�DQG�ULYHUV�DV�ZHOO�DV
VWUHDPV���

$YHUDJH�VWUHDP�FRQFHQWUDWLRQV�DUH�XVHG�WR�FDOFXODWH�DYHUDJH�GULQNLQJ�ZDWHU�FRQVXPSWLRQ�
0DQ\�SXEOLF�ZDWHU�VXSSOLHV�DUH�GUDZQ�IURP�WKH�ORFDO�VWUHDPV�DQG�ULYHUV��WKH�FRQFHQWUDWLRQ�LQ�WKH
VWUHDP�LV�WKH�FRQFHQWUDWLRQ�ZKLFK�SHRSOH�ZLOO�LQJHVW���3HRSOH�RQ�DYHUDJH�GULQN�WZR�OLWHUV�RI�ZDWHU
D�GD\���5HPHPEHU�WKDW�PDQ\�FRPPHUFLDOO\�SUHSDUHG�EHYHUDJHV�DUH�VWLOO�PDGH�ZLWK�ORFDO�ZDWHU�DW
WKH�ERWWOLQJ�SODQW�
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6LQFH�WKHUH�DUH�PDQ\�FKHPLFDOV�ZKLFK�DFFXPXODWH�LQ�OLYLQJ�RUJDQLVPV��ELRDFFXPXODWLRQ��
WKH�DPRXQW�RI�WKH�FKHPLFDO�IURP�HDWLQJ�ILVK�OLYLQJ�LQ�WKH�VDPH�VWUHDPV�DQG�ULYHUV�LV�FDOFXODWHG�
7KH�DELOLW\�RI�D�FKHPLFDO�WR�ELRDFFXPXODWH�PD\�EH�PHDVXUHG�RU�HVWLPDWHG��DQG�WKDW�SURSHUW\�LV
FDOOHG�WKH�ELRDFFXPXODWLRQ�IDFWRU���)RU�FHUWDLQ�NLQGV�RI�FKHPLFDOV��IRRG�FRQVXPSWLRQ�PD\�GHOLYHU
YHU\�KLJK�GRVHV�EHFDXVH�RI�WKH�FXPXODWLYH�QDWXUH���:H�XVH�WKH�ELRFRQFHQWUDWLRQ�IDFWRU�DQG�WKH
DYHUDJH�DPRXQW�RI� ILVK�HDWHQ�SHU�SHUVRQ�SHU�GD\�WR�FDOFXODWH�DQ�DYHUDJH�DPRXQW�RI�FKHPLFDO
LQJHVWHG�E\�SHRSOH�RQ�D�GDLO\�EDVLV��7DEOH������

7KH� RWKHU� LVVXH� IRU� VXUIDFH� ZDWHU� LV� WKH� HIIHFW� WKDW� D� FKHPLFDO� PD\� KDYH� RQ� DTXDWLF
RUJDQLVPV��IURP�DOJDH�WR�ILVK���,I�WKH�IRRG�FKDLQ�LV�EURNHQ�LQ�D�VWUHDP��WKH�FRQVHTXHQFHV�DUH�GLUH�
1R�DOJDH��QR�ILVK���$�KHDOWK\�VWUHDP�ZLWK�PDQ\�RUJDQLVPV�ZLOO�KDYH�D�EHWWHU�DELOLW\�WR�KDQGOH
FKHPLFDO�UHOHDVHV�WKDQ�RQH�ZKRVH�TXDOLW\�LV�DOUHDG\�FRPSURPLVHG���7KH�RUJDQLVPV�ORZHU�RQ�WKH
IRRG�FKDLQ��VXFK�DV�DOJDH��WHQG�WR�KDYH�VKRUWHU�OLYHV��PDNLQJ�VKRUWHU�H[SRVXUH�WLPH�SHULRGV�PRUH
FULWLFDO���6LQFH�FRQFHQWUDWLRQV�ZLOO�YDU\�ZLWK�WKH�VWUHDP�IORZ��WKHUH�PD\�EH�SHULRGV�RI�ORZHU�IORZ
FRQGLWLRQV�ZKHUH�WKH�VDPH�DPRXQW�UHOHDVHG�DV�RQ�D�UHJXODU�IORZ�VLWXDWLRQ�ZLOO�FDXVH�SUREOHPV�
:H�XVH�KLVWRULFDO�VWUHDP�GDWD�WR�WU\�WR�SUHGLFW�KRZ�RIWHQ�WKLV�ZLOO�KDSSHQ���)RU�OLWKRJUDSKHUV��VLQFH
PRVW�GR�QRW�QHHG�WR�KDYH�WKHLU�RZQ�ZDVWHZDWHU�SHUPLW�DQG�PRUH�W\SLFDOO\�VHQG�WKHLU�ZDWHU�WR�WKH
ORFDO�WUHDWPHQW�SODQW��ZH�XVH�WKH�LQIRUPDWLRQ�IRU�WKH�ZDVWHZDWHU�WUHDWPHQW�SODQWV�WR�FDOFXODWH�WKH
FRQFHQWUDWLRQV��

/RFDO�([SRVXUH���)RU�WKH�VLQJOH�IDFLOLW\�LPSDFW�WR�EH�FDOFXODWHG�IRU�D�UHDO�IDFLOLW\��WKH�VWUHDP
WR�ZKLFK�WKH�ORFDO�327:�GLVFKDUJHV�VKRXOG�EH�NQRZQ���-XVW�DV�WKHUH�DUH�YDULDWLRQV�LQ�IDFLOLW\�VL]HV�
WKHUH�DUH�YDULDWLRQV�LQ�VWUHDP�IORZV��DQG�VWUHDP�IORZV�YDU\�ZLWK�WLPH���7KH�LPSDFW�RI�WKLV�RQ�WKLV
DVVHVVPHQW�LV�WKDW�PRUH�WKDQ�RQH�FRQFHQWUDWLRQ�QHHGV�WR�EH�FDOFXODWHG���&KURQLF�HIIHFWV��VXFK�DV
FDQFHU��UHTXLUH�DYHUDJH�FRQFHQWUDWLRQV�WR�EH�XVHG��6LQFH�WKH�DYHUDJH��PHDQ��VWUHDP�IORZV�GHSHQGV
RQ�ZKDW�VWUHDP�LV�EHLQJ�XVHG��ZH�VHOHFW�WZR�DYHUDJHV�WR�FDOFXODWH����WKH�DYHUDJH�FRQFHQWUDWLRQ�IRU
DQ�PLG�VL]HG�VWUHDP����WK�SHUFHQWLOH�PHDQ�IORZ���DQG�WKH�DYHUDJH�FRQFHQWUDWLRQ�IRU�D�VPDOO�VWUHDP
���WK�SHUFHQWLOH�PHDQ�IORZ����)RU�DFXWH�FRQFHUQV�DQG�IRU�HFRORJLFDO�FRQFHUQV��ZH�FDOFXODWHG�KLJK
FRQFHQWUDWLRQV�ZKLFK�RFFXU�XQGHU�ORZ�IORZ�FRQGLWLRQV���6SHFLILFDOO\��ORZ�IORZ�LV�WKH�ORZHVW�IORZ�WKDW
FRQWLQXHV�IRU�VHYHQ�FRQVHFXWLYH�GD\V�LQ�WHQ�\HDUV���+RZHYHU��ZH�RQO\�FDOFXODWH�WKH�ORZ�IRU�VPDOO
VWUHDPV����WK�SHUFHQWLOH�ORZ�IORZ��

7KH� DFWXDO� IORZV� XVHG� LQ� WKLV� DVVHVVPHQW� DUH� ����PLOOLRQ� OLWHUV� SHU� GD\� IRU� WKH� ��WK
SHUFHQWLOH�KDUPRQLF�PHDQ�IORZ�����PLOOLRQ�OLWHUV�SHU�GD\�IRU���WK�SHUFHQWLOH�PHDQ�IORZ��DQG��
PLOOLRQ�OLWHUV�SHU�GD\�IRU���WK�SHUFHQWLOH�ORZ�IORZ���

6LQFH�DQ�LQGLYLGXDO�PD\�LQJHVW�ERWK�GULQNLQJ�ZDWHU�DQG�ILVK��WKHUH�DUH�PXOWLSOH�SRWHQWLDO
GRVHV�WR�HYDOXDWH��

7R�FDOFXODWH�VWUHDP�FRQFHQWUDWLRQ�LQ��J�/��XVH�WKH�IROORZLQJ�IRUPXOD�

5HOHDVH�LQ�NJ�VLWH�GD\�[����5HPRYDO��[�����
6WUHDP�&RQFHQWUDWLRQ� ������������������������������������������������������

6WUHDPIORZ�LQ�PLOOLRQ�OLWHUV�SHU�GD\

RU�

5HOHDVH�DIWHU�WUHDWPHQW�LQ�NJ�VLWH�GD\�[�����
6WUHDP�&RQFHQWUDWLRQ �����������������������������������������������������

6WUHDPIORZ�LQ�PLOOLRQ�OLWHUV�SHU�GD\
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%HFDXVH�WKH�IORZ�GDWD�ZH�XVH�DUH�PHDVXUHG�E\�WKH�8�6��*HRORJLFDO�6XUYH\��86*6��EHORZ�DQ\
GLVFKDUJHU� RQ� WKDW� VHJPHQW� RI� WKH� VWUHDP� �WHFKQLFDOO\� DW� WKH�ERWWRP�RI� WKH� UHDFK��� LW� DOUHDG\
LQFOXGHV�ZDWHU�IURP�DQ\��327:�RQ�WKDW�VHJPHQW�� �)RU�ODUJH�VWUHDPV�WKLV�LV�QRW�DQ�LPSRUWDQW
FRQVLGHUDWLRQ��EXW�IRU�327:V�RQ�VPDOO�VWUHDPV��LW�EHFRPHV�FRQWHQWLRXV���$�327:�ZLWK�DQ�LQWHUQDO
SODQW�IORZ�RI����PLOOLRQ�OLWHUV�SHU�GD\�UHOHDVLQJ�WR�D�VWUHDP�ZKLFK�KDV�D�ORZ�IORZ�RI����PLOOLRQ�OLWHUV
SHU�GD\�LV�QRW�LQVLJQLILFDQW��LW�LV�DOO�RI�WKH�UHFHLYLQJ�VWUHDP
V�ZDWHU����%DVHG�RQ�WKH�GDWD��WKHUH�DUH
D�VLJQLILFDQW�QXPEHU�RI�327:V�IRU�ZKLFK�WKLV�DSSHDUV�WR�EH�WKH�FDVH�

7R�FDOFXODWH�KRZ�PXFK�D�SHUVRQ�ZLOO�LQJHVW�WKURXJK�GULQNLQJ�ZDWHU�LQ�PJ�SHU�\HDU��XVH�WKH
IRUPXOD�

<HDUO\�3RWHQWLDO�'RVH�5DWH� �6WUHDP�FRQFHQWUDWLRQ�LQ��J�SHU�OLWHU�[���OLWHUV�RI�ZDWHU�SHU�GD\
�[�'D\V�RI�UHOHDVH�SHU�\HDU�[������

7R�FDOFXODWH�WKH�SRWHQWLDO�DPRXQW�WDNHQ�WKURXJK�HDWLQJ�VHDIRRG�LQ�PJ�SHU�\HDU��XVH�WKH
IROORZLQJ�IRUPXOD�

<HDUO\�3RWHQWLDO�'RVH�5DWH� �6WUHDP�FRQFHQWUDWLRQ�LQ��J�SHU�OLWHU�[�%LRFRQFHQWUDWLRQ�IDFWRU
�������������������������������������������[������JUDPV�RI�ILVK�SHU�GD\�[�'D\V�RI�UHOHDVH�SHU�\HDU�[�����

7KH�IRUPXOD�DERYH�GRHV�QRW�FRQVLGHU�UHPRYDO�GXULQJ�GULQNLQJ�ZDWHU�WUHDWPHQW���3XEOLF
GULQNLQJ�ZDWHU�WUHDWPHQW�LV�GHVLJQHG�SULPDULO\�WR�SUHYHQW�ELRORJLFDO�FRQWDPLQDWLRQ�RI�GULQNLQJ
ZDWHU�DQG�GRHV�QRW�QHFHVVDULO\�UHPRYH�FKHPLFDOV�IURP�WKH�ZDWHU���)RU�PRVW�FKHPLFDOV��GULQNLQJ
ZDWHU�WUHDWPHQW�LV�QRW�DQ�HIIHFWLYH�PHFKDQLVP���$Q�H[FHSWLRQ�WR�WKLV�LV�ZKHUH�DQ�DFWLYDWHG�FKDUFRDO
ILOWHU�LV�XVHG��VXFK�DV�RQ�D�SULYDWH�UHVLGHQWLDO�WDS��ZKLFK�ZLOO�UHPRYH�D�VLJQLILFDQW�SRUWLRQ�RI�WKH
RUJDQLF�FKHPLFDOV�LQ�WKH�ZDWHU��

7KH� ELRFRQFHQWUDWLRQ� IDFWRU� LV� D� FKHPLFDO�VSHFLILF� SURSHUW\�� � ,W� LV� FDOFXODWHG� ZLWK� WKH
HQYLURQPHQWDO�IDWH�SURSHUWLHV���7KH�FKHPLFDOV�DUH�DVVXPHG�WR�EH�UHOHDVHG�����GD\V�SHU�\HDU�

&XPXODWLYH� UHOHDVHV� WR� WKH� VDPH�327:�PD\�EH� HVWLPDWHG�E\� FRXQWLQJ� WKH�QXPEHU� RI
OLWKRJUDSKHUV�LQ�DQ�DUHD�DQG�GLVWULEXWLQJ�WKH�UHOHDVHV�DFURVV�DOO�WKH�327:V�LQ�WKH�DUHD���:H�KDYH
WR�DVVXPH�WKDW�WKH�UHOHDVHV�DUH�IRU�WKH�VDPH�SURGXFWV��RU�YHU\�VLPLODU�SURGXFWV���$V�IRU�DLU��WKLV
FXPXODWLYH� QXPEHU� LV� H[SHFWHG� WR� EH� IDU� PRUH� VLJQLILFDQW� WKDQ� WKH� DPRXQW� IRU� DQ\� VLQJOH
OLWKRJUDSKHU���$JDLQ��'HQYHU�LV�WKH�FLW\�XVHG�DV�DQ�H[DPSOH��7DEOH��������5HOHDVHV�IURP�DOO�RI�WKH
����OLWKRJUDSKHUV�LQ�WKH�FLW\�RI�'HQYHU�DUH�DVVXPHG�WR�JR�IURP�WKH�'HQYHU�0HWUR�:DVWHZDWHU
5HFODPDWLRQ�'LVWULFW�LQWR�WKH�6RXWK�3ODWWH�5LYHU���7KH�FRQFHQWUDWLRQV�DUH�FDOFXODWHG�IRU�KDUPRQLF
PHDQ�IORZ�RI�����PLOOLRQ�OLWHUV�SHU�GD\���ZKLFK�LV�WKH�DYHUDJH�RU�W\SLFDO�IORZ�IRU�WKH�ULYHU��DQG�IRU
WKH�ORZ�IORZ�RI�����PLOOLRQ�OLWHUV�SHU�GD\���WKH�ORZHVW�IORZ�IRU�VHYHQ�FRQVHFXWLYH�GD\V�LQ�WHQ�\HDUV�
'RZQVWUHDP�IURP�WKH�GLVFKDUJH�DUH�GULQNLQJ�ZDWHU�LQWDNHV�IRU�WKH�&LW\�RI�%URRPILHOG�DQG�WKH�&LW\
RI�7KRUQWRQ�

8QFHUWDLQW\

:LWKLQ�RXU�VFHQDULR��WKHUH�DUH�VSHFLILF�SDUDPHWHUV�ZKLFK�DIIHFW�ILQDO�FRQFHQWUDWLRQV�DQG
WKHUHIRUH�ILQDO�H[SRVXUHV�PRUH�WKDQ�RWKHUV����6LQFH�ZH�DUH�XVLQJ�WKH�HVWLPDWHV�IRU�FRPSDULVRQ��WKH
VLQJOH�PRVW�LPSRUWDQW�IDFWRU�LV�WKH�DPRXQW�RI�WKH�VXEVWDQFH�UHOHDVHG�SHU�IRUPXODWLRQ���)RU�ZDWHU
UHOHDVHV��WKH�VHFRQG�PRVW�XQFHUWDLQ�IDFWRU�LV�WKH�YROXPH�RI�ZDWHU�LQ�WKH�UHFHLYLQJ�VWUHDP��IROORZHG
E\�WKH�DPRXQW�RI�VXEVWDQFH�UHPRYHG� LQ�ZDVWH�ZDWHU�WUHDWPHQW�� � ,Q�DFWXDOLW\��ULYHU� IORZV�YDU\
FRQWLQXRXVO\��VR�HYHQ�D�FRQVWDQW�DQG�VWHDG\�IORZ�RI�D�VSHFLILF�FKHPLFDO�LQWR�WKH�ZDWHU�ZLOO�KDYH
YDULDWLRQV�LQ�FRQFHQWUDWLRQ���6RPH�ZDVWH�ZDWHU�WUHDWPHQW�SODQWV�ZLOO�UHPRYH�PRUH�RI�D�FKHPLFDO
WKDQ�RWKHUV��DQG�HYHQ�YDU\�ZLWKLQ�WKH�VDPH�SODQW�DW�GLIIHUHQW�WLPHV���7KH�GLIIHUHQFH�WKDW�WKLV
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Table 3-5.  Stream Concentrations and Residential Population Potential Doses from Single Facility Blanket Wash Releases

Form.
Number

Chemical Components Daily 
Release 1

(kg/day)

Daily Release
After POTW
Treatment 1

(kg/day)

    Stream concentrations 1

(mg/L)
Drinking Water

Human Potential
Dose Rates  (mg/year)2

Fish Ingestion
Human Potential Dose

Rates  (mg/year)2

50th %ile
Mean flow

10th %ile
Mean flow

10th %ile
Low flow

50th %ile 10th %ile 50th %ile 10th %ile

1 Fatty acid derivatives
Alkoxylated alcohols

3 Hydrocarbons, petroleum distillates
Fatty acid derivatives
Hydrocarbons, aromatic
Alkyl benzene sulfonates

6.1 x 10-1

1.5 x 10-1

3.6 x 10-2

2.6 x 10-2

7 x 10-5

5 x 10-5

6 x 10-4

4 x 10-4

4 x 10-2

3 x 10-2

4 x 10-2

3 x 10-2

3 x 10-1

2 x 10-1

1 x 102

6 x 10-1

1 x 103

4

4 Terpenes
Ethoxylated nonylphenol3 1.56 8 × 10 -22 × 10-4 1.0 × 10-3 8.0 × 10-2 8 × 10-2 6 × 10-1

5 Water 
Hydrocarbons, aromatic
Ethylene glycol ethers
Ethoxylated nonylphenol3

Alkyl benzene sulfonates
Alkoxylated alcohols
Alkali/salts

2.0 x 10-1

1.2 x 10-1

6.0 x 10-2

2.0 x 10-2

1 × 10-2

2.4 x 10-3

5.9 x 10-2

0

2 × 10-5

5 x 10-6

1 x 10-4

0

2 × 10-4

3.9 x 10-5

9 x 10-4

0

1.0 × 10-2

2.6 × 10-3

6 x 10-2

0

1 × 10-2

2.6 x 10-3

6 x 10-2

0

8 × 10-2

2.5 x 10-2

5 x 10-1

0

1 x 10-2

9 x 10-2

0

1 x 10-2

7 x 10-1

0

6 Fatty acid derivatives
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates

1.3

1.0 x 10-1

7.9 x 10-2

3.0 x 10-3

2 x 10-4

6 x 10-6

1×10-3

5 x 10-5

8 x 10-2

3 × 10-3

8 x 10-2

3 x 10-3

6 x 10-1

2 x 10-2

3 x 102

0

2 x 103

0

7 Terpenes
Ethoxylated nonylphenol3

Alkoxylated alcohols
6.0 x 10-2

6.0 x 10-2
3 × 10-3

9 x 10-3
6 × 10-6

2 x 10-5
5 × 10-5

1 x 10-4
3 × 10-3

9 × 10-3
3 × 10-3

9 x 10-3
2 × 10-2

7 x 10-2 0 0

8 Water 
Hydrocarbons, aromatic
Propylene glycol ethers
Ethoxylated nonylphenol3

Alkyl benzene sulfonates
Alkoxylated alcohols
Alkali/salts

1.7 x 10-1

3.64 x 10-1

5.2 x 10-2

1.6 x 10-2

9 x 10-3

5.332 x 10-2

5.1 x 10-2

0

2 x 10-5

1.11 x 10-4

1 x 10-4

0

1 x 10-4

8.08 x 10-4

8 x 10-4

0

9.0 × 10-3

4.95× 10-2

5 x 10-2

0

9 x 10-3

4.95 x 10-2

5 x 10-2

0

6 x 10-2

3.7 x 10-1

4 x 10-1

0

1 x 10-2

8 x 10-2

0

9 x 10-2

6 x 10-1

0
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Form.
Number

Chemical Components  Daily 
Release 1

(kg/day)

 
Daily Release
After POTW
Treatment 1

(kg/day)

    Stream concentrations 1

(mg/L)
Drinking Water

Human Potential
Dose Rates  (mg/year)2

Fish Ingestion
Human Potential Dose

Rates  (mg/year)2

50th %ile
Mean flow

10th %ile
Mean flow

10th %ile
Low flow

50th %ile  10th %ile  50th %ile  10th %ile

9 Fatty acid derivatives
Water
Ethoxylated nonylphenol3

1.6

6.0 x 10-2

9.7 x 10-2

3 × 10-3

2 x 10-4

6 × 10-6

1 × 10-3

5 × 10-5

1 x 10-1

3 × 10-3

1 x 10-1

3 × 10-3

7 x 10-1

2 × 10-2

4 x 102 3 x 103

10 Fatty acid derivatives
Water

5.6 x 10-1 3.4 x 10-2 7 x 10-5 5 x 10-4 3 x 10-2 3 x 10-2 3 x 10-1 1 x 102 1 x 103

11 Fatty acid derivatives
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates

1.0 

9.2 x 10-2

6.0 x 10-2

1.6 x 10-2

1 x 10-4

3 x 10-5

9 x 10-4

2 x 10-4

6 x 10-2

2 x 10-2

6 x 10-2

2 x 10-2

5 x 10-1

1 x 10-1

2 x 102

0

2 x 102

0

12 Hydrocarbons, petroleum distillates

14 Fatty acid derivatives
Propylene glycol ethers

2.2 x 10-1 1.3 x 10-2 3 x 10-5 2 x 10-4 1 x 10-2 1 x 10-2 1 x 10-1 5 x 101 4 x 102

16 Terpenes

17 Ethoxylated nonylphenol3

Glycols
Fatty acid derivatives
Alkali/salts
Water

4.4 x 10-2

2.0 x 10-2

1.2 x 10-2

2 × 10-3

1.2 x 10-3

4 × 10-6

2 x 10-6

3 × 10-5

2 x 10-5

2 × 10-3

1 × 10-3

2 × 10-3

1 x 10-3

2 × 10-2

9 x 10-3 5 3

18 Fatty acid derivatives
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Dibasic esters
Esters/lactones
Alkyl benzene sulfonates

9.0 x 10-1

9.2 x 10-2

5.4 x 10-2

1.6 x 10-2

1 x 10-4

3 x 10-5

8 x 10-4

2 x 10-4

5 x 10-2

2 x 10-2

5 x 10-2

2 x 10-2

4 x 10-1

1 x 10-1

2 x 102

0

2 x 103

0

19 Fatty acid derivatives
Propylene glycol ethers

7.3 x 10-1 4.4 x 10-2 9 x 10-5 7 x 10-4 4 x 10-2 4 x 10-2 3 x 10-1 2 x 102 1 x 103

20 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates 1.0 x 10 -13.9 x 10-2 8 x 10-5 6 x 10-4 4 x 10-2 4 x 10-2 3 x 10-1 0 0

21 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates
Fatty acid derivatives 1.0 1.0 x 10 -22 x 10-5 2 x 10-4 1 x 10-2 1 x 10-2 8 x 10-2 4 x 101 3 x 102
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Form.
Number

Chemical Components  Daily 
Release 1

(kg/day)

 
Daily Release 1

After POTW
Treatment
(kg/day)

    Stream concentrations 1

(mg/L)
Drinking Water

Human Potential
Dose Rates  (mg/year)2

Fish Ingestion
Human Potential Dose

Rates  (mg/year)2

50th %ile
Mean flow

10th %ile
Mean flow

10th %ile
Low flow

50th %ile  10th %ile  50th %ile  10th %ile

22 Fatty acid derivatives
Hydrocarbons, aromatic

1.2 6.9 x 10 -21 x 10-4 1 × 10-3 7 x 10-2 7 x 10-2 5 x 102 3 x 102 2 x 103

23 Terpenes
Nitrogen heterocyclics
Alkoxylated alcohols

24 Terpenes
Ethylene glycol ethers
Ethoxylated nonylphenol3

Alkyl benzene sulfonates
Alkali/salts

9.2 x 10-2

1.4 x 10-1

9.2 x 10-2

5 × 10-3

4.2 x 10-3

1.6 x 10-2

9 × 10-6

8 x 10-6

3 x 10-5

7 × 10-5

6 x 10-5

2 x 10-4

5 × 10-3

4 × 10-3

2 x 10-2

5 × 10-3

4 x 10-3

2 x 10-2

4 × 10-2

3 x 10-2

1 x 10-1
0
0

0
0

25 Terpenes
Esters/lactones

26 Fatty acid derivatives
Esters/lactones

6.1
1.03 x 10-1

1.241 x 10-1

4.1 x 10-3
2.08 x 10-4

8 x 10-6
2.06 × 10-3

6 x 10-5
1.04 x10-1

4 × 10-3
1.04 x 10-1

4 x 10-3
9.3 x 10-1

3 x 10-2
5.006 x 102

0
3.005 x 103

0

27 Terpenes

28 Hydrocarbons, petroleum distillates

29 Fatty acid derivatives 2.1 1.3 x 10-1 3 x 10-4 2 × 10-3 1 x 10-1 1 x 10-1 1 5 x 102 4 x 103

30 Hydrocarbons, aromatic
Propylene glycol ethers

31 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates

32 Hydrocarbons, petroleum distillates

33 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Propylene glycol ethers

34 Water
Terpenes
Hydrocarbons, petroleum distillates
Alkoxylated alcohols
Fatty acid derivatives

1.7 x 10-1

1.7 x 10-1
2.9 x 10-2

1.7 x 10-2
6 x 10-5

3 x 10-5
4 x 10-4

3 x 10-4
3 x 10-2

2 x 10-2
3 x 10-2

2 x 10-2
2 x 10-1

1 x 10-1
0

2 x 10-2
0

2 x 10-1
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Form.
Number

Chemical Components  Daily 
Release 1

(kg/day)

Daily Release
After POTW
Treatment 1

(kg/day)

    Stream concentrations 1

(mg/L)
Drinking Water

Human Potential
Dose Rates  (mg/year)2

Fish Ingestion
Human Potential Dose

Rates  (mg/year)2

50th %ile
Mean flow

10th %ile
Mean flow

10th %ile
Low flow

50th %ile  10th %ile  50th %ile  10th %ile

35 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic

36 Fatty acid derivatives
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Propylene glycol ethers

1.5 9.0 x 10-2 2 x 10-4 1 × 10-3 9 x 10-2 9 x 10-2 7 x 10-1 3 x 102 3 x 103

37 D. I. Water
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic

38 Hydrocarbons, petroleum distillates
Alkoxylated alcohols
Fatty acid derivatives

39 Water
Hydrocarbons, petroleum distillates
Propylene glycol ethers
Alkanolamines
Ethylene glycol ethers

6.8 x 10-2 1.2 x 10-2 2 x 10-5 2 x 10-4 1 x 10-2 1 x 10-2 9 x 10-2 0 0

40 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates
Fatty acid derivatives
Ethoxylated nonylphenol3

1.4
8.8 x 10-2

0
4 × 10-3

0
9 × 10-6

0
7 × 10-5

0
4 × 10-3

0
4 × 10-3

0
3 × 10-2

0 0

A blank space in these columns indicates that there were no releases to water expected for this chemical in this formulation.1

A blank in the drinking water columns of this table indicates that there are no exposures expected from this chemical due to people drinking water.  This may be2

due to either no releases to water expected, or the chemical may be completely removed during wastewater treatment, and therefore, is not expected to be
released to the stream or river from the POTW.  An additional blank in the Fish Ingestion columns means that a bioaccumulation factor was not available for this
chemical.
Based on testing data (Weeks, A.J. et al.  1996.  Proceedings of the CESIO 4th World Surfactants Congress, Barcelona, Spain.  Brussels, Belgium:  European3

Committee on Surfactants and Detergents, pp. 276-291.), the original estimate of POTW removal has been changed from 100% reported in the draft document
to 95% in the final report.  This revision results in increased estimates of the releases from POTWs to surface waters of ethoxylated nonylphenols.  When the
releases to surface water are compared with the concern concentration set at the default value of 0.001 mg/L, the formulations containing ethoxylated nonylphenols
(formulations 4, 5, 7, 8, 9, 17, 24, and 40) present concerns to aquatic species that were not reported in the draft CTSA.
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Table 3-6.  Stream Concentrations and Residential Population Potential Dose 
Rates from Denver Lithography Blanket Wash Releases

Form. Chemical Components for Release for River (mg/L)
No. Denver, CO Denver, CO

Expected After Stream Human Potential
Total Treatment Concentration Dose Rates

Release Total South Platte (mg/year)

(kg/day) (kg/day)1 1

2

Mean Low From From Fish
Flow Flow Water Ingestion

1 Fatty acid derivatives
Alkoxylated alcohols

3 Hydrocarbons, petroleum distillates
Fatty acid derivatives 1.4×10 8.6 1×10 1×10 5 2×10
Hydrocarbons, aromatic
Alkyl benzene sulfonates 36 6.1 7×10 1×10 3 80

2 -2

-3

-2

-2

4

4 Terpenes
Ethoxylated nonylphenol 73 3.7 4×10 6 × 10 23 -3 -3

5 Water 
Hydrocarbons, aromatic
Ethylene glycol ethers
Ethoxylated nonylphenol 47 2.4 3×10 4 × 10 13

Alkyl benzene sulfonates 28 5.6×10 7×10 9×10 2.8×10 2
Alkoxylated alcohols 14 14 2×10 2×10 8 10
Alkali/salts 4.7 0.0 0 0 0

-1

-3

-4

-2

-3

-4

-2

-1

6 Fatty acid derivatives 3.1×10 19 2×10 3×10 10 4×10
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates 24 7.1×10 8×10 1×10 4×10

2

-1

-2

-4

-2

-3 -1

4

7 Terpenes
Ethoxylated nonylphenol 14 0.7 8×10 1×10 0.43

Alkoxylated alcohols 14 2.1 2×10 4×10 1

-4

-3

-3

-3

8 Water 
Hydrocarbons, aromatic
Propylene glycol ethers
Alkyl benzene sulfonates 85 12.22 1.2×10 2.4×10 7.07 2
Ethoxylated nonylphenol 40 2.0 2×10 3×10 13

Alkoxylated alcohols 12 12 1×10 2×10 7 10
Alkali/salts 3.8 0.0 0 0 0

-2

-3

-2

-2

-3

-2

9 Fatty acid derivatives 3.8×10 23 3×10 4×10 10 5×10
Water
Ethoxylated nonylphenol 14 0.7 8×10 1×10 43

2 -2

-4

-2

-3

4

10 Fatty acid derivatives 1.3×10 7.9 9×10 1×10 5 2×10
Water

2 -3 -2 4

11 Fatty acid derivatives 2.3×10 14 2×10 2×10 8 3×10
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates 22 3.7 4×10 6×10 2

2 -2

-3

-2

-3

4

12 Hydrocarbons, petroleum distillates

14 Fatty acid derivatives 51 3.0 3×10 5×10 2 7×10
Propylene glycol ethers

-3 -3 3

16 Terpenes
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Form. Chemical Components for Release for River (mg/L)
No. Denver, CO Denver, CO

Expected After Stream Human Potential
Total Treatment Concentration Dose Rates

Release Total South Platte (mg/year)

(kg/day) (kg/day)1 1

2

Mean Low From From Fish
Flow Flow Water Ingestion

3-35

17 Ethoxylated nonylphenol 10 0.5 6×10 8×10 0.33

Glycols
Fatty acid derivatives 4.7 2.8×10 3×10 5×10 2×10 6×10
Alkali/salts
Water

-1

-4

-4

-4

-4 -1 2

18 Fatty acid derivatives 2.1×10 13 1×10 2×10 7 3×10
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Dibasic esters
Esters/lactones
Alkyl benzene sulfonates 22 3.7 4×10 6×10 2

2 -2

-3

-2

-3

4

19 Fatty acid derivatives 1.7×10 10 1×10 2×10 6 2×10
Propylene glycol ethers

2 -2 -2 4

20 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates 24 9.2 1×10 2×10 5-2 -2

21 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates
Fatty acid derivatives 2.4×10 2.4 3×10 4×10 1 6×102 -3 -3 3

22 Fatty acid derivatives 2.7×10 16 2×10 3×10 9 4×10
Hydrocarbons, aromatic

2 -2 -2 4

23 Terpenes
Nitrogen heterocyclics
Alkoxylated alcohols

24 Terpenes
Ethylene glycol ethers
Ethoxylated nonylphenol 22 1.1 1×10 2×10 6×103

Alkyl benzene sulfonates 33 9.9×10 1×10 2×10 6×10
Alkali/salts 22 3.7 4×10 6×10 2

-1

-3

-3

-3

-3

-3

-3

-1

-1

25 Terpenes
Esters/lactones

26 Fatty acid derivatives 5.66×10 2.896×10 3.1×10 5.2×10 20.5 6.008×10
Esters/lactones 2.36×10 9.6×10 1×10 2×10 5×10 0

2

2

1

-1

-2

-3

-2

-3 -1

4

27 Terpenes

28 Hydrocarbons, petroleum distillates

29 Fatty acid derivatives 5.0×10 30 3×10 5×10 20 6×102 -2 -2 4

30 Hydrocarbons, aromatic
Propylene glycol ethers

31 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates

32 Hydrocarbons, petroleum distillates

33 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Propylene glycol ethers
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Form. Chemical Components for Release for River (mg/L)
No. Denver, CO Denver, CO

Expected After Stream Human Potential
Total Treatment Concentration Dose Rates

Release Total South Platte (mg/year)

(kg/day) (kg/day)1 1

2

Mean Low From From Fish
Flow Flow Water Ingestion

3-36

34 Water
Terpenes
Hydrocarbons, petroleum distillates
Alkoxylated alcohols 39 6.7 8×10 1×10 4
Fatty acid derivatives 39 3.9 5×10 7×10 2 3

-3

-3

-2

-3

35 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic

36 Fatty acid derivatives 3.5×10 21 2×10 4×10 10 5×10
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Propylene glycol ethers

2 -2 -2 4

37 Water
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic

38 Hydrocarbons, petroleum distillates
Alkoxylated alcohols
Fatty acid derivatives

39 Water
Hydrocarbons, petroleum distillates
Propylene glycol ethers
Alkanolamines 16 2.7 3×10 5×10 2
Ethylene glycol ethers

-3 -3

40 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates
Fatty acid derivatives 3.3×10 0.0 0 0 0 0
Ethoxylated nonylphenol 21 1.1×10 1.2×10 1.9×10 0.63

2

-3 -3 -3

A blank space in these columns indicates that there were no releases to water expected for this chemical in this1

formulation.
A blank in the drinking water columns of this table indicates that there are no exposures expected from this chemical2

due to people drinking water.  This may be due to either no releases to water expected, or the chemical may be
completely removed during wastewater treatment, and therefore, is not expected to be released to the stream or river
from the POTW.  An additional blank in the Fish Ingestion columns means that a bioaccumulation factor was not
available for this chemical.
Based on testing data (Weeks, J.A. et al.  1996.  Proceedings of the CESIO 4th World Surfactants Congress,3

Barcelona, Spain.  Brussels, Belgium:  European Committee on Surfactants and Detergents, pp. 276-291.), the original
estimate of POTW removal has been changed from 100% reported in the draft document to 95% in the final report.
This revision results in increased estimates of the releases from POTWs to surface waters of ethoxylated
nonylphenols.  When the releases to surface water are compared with the concern concentration set at the default
value of 0.001 mg/L, the formulations containing ethoxylated nonylphenols (formulations 4, 5, 7, 8, 9, 17, 24, and 40)
present concerns to aquatic species that were not reported in the draft CTSA.

PDNHV�LQ�WKH�ILQDO�FRQFHQWUDWLRQ�LV�QRW�DV�VLJQLILFDQW�DV�WKH�YROXPH�RI�WKH�FKHPLFDO�UHOHDVHG��L�H�
WKH�GLIIHUHQFH�EHWZHHQ�ILIW\�SHUFHQW�DQG�VL[W\�SHUFHQW�UHPRYDO�RI�D�FKHPLFDO�
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6HSWLF�6\VWHPV

:KHQ�H[DPLQLQJ�WKH�EXVLQHVV�FHQVXV�GDWD�IRU�OLWKRJUDSKHUV�DQG�WKH�(3$ªV�GDWD�IRU�ZDVWH
ZDWHU�WUHDWPHQW�IDFLOLWLHV��LW�ZDV�QRWHG�WKDW�WKHUH�DUH�FRXQWLHV�ZKLFK�GR�QRW�KDYH�DQ\�327:V�
:KLOH�VRPH�RI� WKH�$JHQF\ªV�GDWD� LV�SUREDEO\� LQ�HUURU�� WKHUH�DUH�VWLOO�D� �VLJQLILFDQW�PLQRULW\�RI
OLWKRJUDSKHUV�ZKR�GR�QRW�DSSHDU�WR�UHOHDVH�ZDWHU�WR�D�ZDVWH�ZDWHU�WUHDWPHQW�SODQW���7KHVH�SULQWHUV
DUH�DVVXPHG�WR�UHOHDVH�WR�VHSWLF�V\VWHPV�RU�KDYH�QR�ZDWHU�UHOHDVHV�DW�DOO���7KH�UHOHDVHV�RI�WKLV�W\SH
DUH�QRW�PRGHOHG�LQ�WKLV�DVVHVVPHQW���6RPH�JHQHUDO�JXLGHOLQHV�PD\�EH�XVHG�WR�GHWHUPLQH�LI�WKHUH
ZLOO�EH�H[SRVXUH�WR�DQ\�RI�WKH�EODQNHW�ZDVK�FKHPLFDOV�IURP�VHSWLF�V\VWHP�VHHSDJH���(DFK�FKHPLFDO
ZLOO�KDYH�DQ�HVWLPDWHG�SRWHQWLDO�PLJUDWLRQ�WR�JURXQG�ZDWHU��XVXDOO\�XVHG�IRU�ODQGILOO�DVVHVVPHQWV�
7KLV�FDQ�EH�GLUHFWO\�DSSOLHG�WR�VHSWLF�V\VWHPV��EHFDXVH�WKH�SRWHQWLDO�WR�PLJUDWH�WR�JURXQG�ZDWHU
ZLOO�EH�WKH�VDPH���2I�FRXUVH�WKH�LQGLYLGXDO�FKDUDFWHULVWLFV�RI�WKH�V\VWHP�ZLOO�GHWHUPLQH�WKH�DFWXDO
VSHHG�WKDW�HDFK�FKHPLFDO�WUDYHOV�LQWR�WKH�JURXQG�ZDWHU���,I�WKH�VHSWLF�V\VWHP�LV�UHODWLYHO\�OHDN\��DQG
WKH�JURXQG�ZDWHU�WDEOH�LV�UHODWLYHO\�KLJK��WKH�WLPH�WKDW�D�FKHPLFDO�WDNHV�WR�JHW�LQWR�WKH�JURXQG
ZDWHU�ZLOO�EH�VKRUWHU�WKDQ�IRU�D�VHSWLF�V\VWHP�ZKLFK�LV�ZHOO�VHDOHG�DQG�ZKHUH�WKH�JURXQG�ZDWHU
WDEOH�LV�ORZ�

/DQGILOO

2XU�XVXDO�WHFKQLTXHV�IRU�HVWLPDWLQJ�FXPXODWLYH�H[SRVXUHV�IURP�ODQGILOO�UHOHDVHV�DUH�QRW
DSSOLFDEOH�WR�SULQWLQJ���)RU�ODUJH�VFDOH�LQGXVWULDO�SURFHVVHV��ZH�DVVXPH�WKDW�RQH�IDFLOLW\�VHQGV
ZDVWH�WR�D�ODQGILOO�YLD�D�ZDVWH�KDQGOHU���)RU�WKH�SULQWLQJ�LQGXVWU\��LW�LV�QRW�UHDVRQDEOH�WR�VLPSOLI\
WKH�VLWXDWLRQ�WR�WKDW�H[WHQW���$�ODFN�RI�GDWD�OLPLWV�WKH�GHWHUPLQDWLRQ�RI�H[SRVXUHV���)RU�LQVWDQFH�
ZH�GR�QRW�NQRZ�KRZ�PDQ\�SULQWHUV�DUH�VHQGLQJ�ZKDW�W\SHV�RI�ZDVWHV�WR�DQ\�JLYHQ�ODQGILOO���6RPH
SULQWHUV�VHQG�SDUW�RI�WKHLU�ZDVWHV�WR�D�KD]DUGRXV�ZDVWH�KDQGOHU��DQG�DQRWKHU�SRUWLRQ�WR�WKH�FRXQW\
ODQGILOO���)RU�WKHVH�UHDVRQV��DOWKRXJK�WKH�H[SRVXUHV�IURP�ODQGILOO�UHOHDVHV�PD\�EH�VLJQLILFDQW��ZH
FDQQRW�FDOFXODWH�H[SRVXUHV�IURP�ODQGILOO�VHHSDJH�DQG�PLJUDWLRQ�LQWR�JURXQG�ZDWHU���+RZHYHU��ZH
FDQ�JLYH�WKH�H[SHFWHG�IDWH�IRU�WKH�FKHPLFDO�LQ�WKH�ODQGILOO���ZLOO�WKH�FKHPLFDO�PLJUDWH�WR�JURXQG
ZDWHU�UDSLGO\��PRGHUDWHO\�RU�QHJOLJLEO\�

3.4  RISK CHARACTERIZATION

3.4.1  Background

$VVHVVPHQW�RI�WKH�KXPDQ�KHDOWK�ULVNV�SUHVHQWHG�E\�FKHPLFDO�VXEVWDQFHV� LQFOXGHV�WKH
IROORZLQJ�FRPSRQHQWV�RI�DQDO\VLV�

���+D]DUG�,GHQWLILFDWLRQ�LV�WKH�SURFHVV�RI�GHWHUPLQLQJ�ZKHWKHU�H[SRVXUH�WR�D�FKHPLFDO�FDQ
FDXVH�DQ�DGYHUVH�KHDOWK�HIIHFW�DQG�ZKHWKHU�WKH�DGYHUVH�KHDOWK�HIIHFW�LV�OLNHO\�WR�RFFXU�LQ
KXPDQV�

���'RVH�UHVSRQVH�$VVHVVPHQW�LV�WKH�SURFHVV�RI�GHILQLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�GRVH
RI�D�FKHPLFDO�UHFHLYHG�DQG�WKH�LQFLGHQFH�RI�DGYHUVH�KHDOWK�HIIHFWV�LQ�WKH�H[SRVHG�SRSXODWLRQ�
)URP�WKH�TXDQWLWDWLYH�GRVH�UHVSRQVH�UHODWLRQVKLS��WR[LFLW\�YDOXHV�DUH�GHULYHG�WKDW�DUH�XVHG
LQ�WKH�ULVN�FKDUDFWHUL]DWLRQ�VWHS�WR�HVWLPDWH�WKH�OLNHOLKRRG�RI�DGYHUVH�HIIHFWV�RFFXUULQJ�LQ
KXPDQV�DW�GLIIHUHQW�H[SRVXUH�OHYHOV�

��� ([SRVXUH� $VVHVVPHQW� LGHQWLILHV� SRSXODWLRQV� H[SRVHG� WR� D� FKHPLFDO�� GHVFULEHV� WKHLU
FRPSRVLWLRQ�DQG�VL]H��DQG�SUHVHQWV�WKH�W\SHV��PDJQLWXGHV��IUHTXHQFLHV��DQG�GXUDWLRQV�RI
H[SRVXUH�WR�WKH�FKHPLFDO�
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���5LVN�&KDUDFWHUL]DWLRQ�LQWHJUDWHV�KD]DUG�DQG�H[SRVXUH�LQIRUPDWLRQ�LQWR�TXDQWLWDWLYH�DQG
TXDOLWDWLYH� H[SUHVVLRQV� RI� ULVN�� � $� ULVN� FKDUDFWHUL]DWLRQ� LQFOXGHV� D� GHVFULSWLRQ� RI� WKH
DVVXPSWLRQV��VFLHQWLILF�MXGJPHQWV��DQG�XQFHUWDLQWLHV�HPERGLHG�LQ�WKH�DVVHVVPHQW�

4XDQWLWDWLYH�([SUHVVLRQV�RI�+D]DUG�DQG�5LVN

7KH�PDQQHU�LQ�ZKLFK�HVWLPDWHV�RI�KD]DUG�DQG�ULVN�DUH�H[SUHVVHG�GHSHQGV�RQ�WKH�QDWXUH�RI
WKH�KD]DUG�DQG�WKH�W\SHV�RI�GDWD�XSRQ�ZKLFK�WKH�DVVHVVPHQW�LV�EDVHG���)RU�H[DPSOH��FDQFHU�ULVNV
DUH�PRVW�RIWHQ�H[SUHVVHG�DV�WKH�SUREDELOLW\�RI�DQ�LQGLYLGXDO�GHYHORSLQJ�FDQFHU�RYHU�D�OLIHWLPH�RI
H[SRVXUH�WR�WKH�FKHPLFDO�LQ�TXHVWLRQ���5LVN�HVWLPDWHV�IRU�DGYHUVH�HIIHFWV�RWKHU�WKDQ�FDQFHU�DUH
XVXDOO\�H[SUHVVHG�DV�WKH�UDWLR�RI�D�WR[LFRORJLF�SRWHQF\�YDOXH�WR�DQ�HVWLPDWHG�GRVH�RU�H[SRVXUH�OHYHO�
$� NH\� GLVWLQFWLRQ� EHWZHHQ� FDQFHU� DQG� RWKHU� WR[LFRORJLF� HIIHFWV� LV� WKDW� PRVW� FDUFLQRJHQV� DUH
DVVXPHG�WR�KDYH�QR�GRVH�WKUHVKROG��L�H���QR�GRVH�RU�H[SRVXUH�OHYHO�FDQ�EH�SUHVXPHG�WR�EH�ZLWKRXW
VRPH�ULVN���2WKHU�WR[LFRORJLF�HIIHFWV�DUH�JHQHUDOO\�DVVXPHG�WR�KDYH�D�GRVH�WKUHVKROG��L�H���D�GRVH
RU�H[SRVXUH�OHYHO�EHORZ�ZKLFK�D�VLJQLILFDQW�DGYHUVH�HIIHFW�LV�QRW�H[SHFWHG�

&DQFHU�+D]DUG�DQG�5LVN

(3$�HPSOR\V�D��ZHLJKW�RI�HYLGHQFH��DSSURDFK�WR�GHWHUPLQH�WKH�OLNHOLKRRG�WKDW�D�FKHPLFDO
LV�D�KXPDQ�FDUFLQRJHQ���(DFK�FKHPLFDO�HYDOXDWHG�LV�SODFHG�LQWR�RQH�RI�WKH�ILYH�ZHLJKW�RI�HYLGHQFH
FDWHJRULHV�OLVWHG�EHORZ�

*URXS�$��� KXPDQ�FDUFLQRJHQ
*URXS�%��� SUREDEOH� KXPDQ� FDUFLQRJHQ�� %�� LQGLFDWHV� OLPLWHG� KXPDQ� HYLGHQFH�� %�

LQGLFDWHV�VXIILFLHQW�HYLGHQFH�LQ�DQLPDOV�DQG�LQDGHTXDWH�RU�QR�HYLGHQFH�LQ
KXPDQV�

*URXS�&��� SRVVLEOH�KXPDQ�FDUFLQRJHQ
*URXS�'��� QRW�FODVVLILDEOH�DV�WR�KXPDQ�FDUFLQRJHQLFLW\
*URXS�(��� HYLGHQFH�RI�QRQFDUFLQRJHQLFLW\�IRU�KXPDQV

:KHQ�WKH�DYDLODEOH�GDWD�DUH�VXIILFLHQW�IRU�TXDQWLWDWLRQ��(3$�GHYHORSV�DQ�HVWLPDWH�RI�WKH
FKHPLFDO
V�FDUFLQRJHQLF�SRWHQF\���(3$��VORSH�IDFWRUV��H[SUHVV�FDUFLQRJHQLF�SRWHQF\�LQ�WHUPV�RI�WKH
HVWLPDWHG�XSSHU�ERXQG�LQFUHPHQWDO�OLIHWLPH�ULVN�SHU�PJ�NJ�DYHUDJH�GDLO\�GRVH����8QLW�ULVN��LV�D
VLPLODU�PHDVXUH�RI�SRWHQF\�IRU�DLU�RU�GULQNLQJ�ZDWHU�FRQFHQWUDWLRQV�DQG�LV�H[SUHVVHG�DV�ULVN�SHU
�J�P �LQ�DLU�RU�DV�ULVN�SHU��J�/�LQ�ZDWHU�IRU�FRQWLQXRXV�OLIHWLPH�H[SRVXUHV��

&DQFHU� ULVN� LV� FDOFXODWHG� E\�PXOWLSO\LQJ� WKH� HVWLPDWHG� GRVH� RU� H[SRVXUH� OHYHO� E\� WKH
DSSURSULDWH�PHDVXUH�RI�FDUFLQRJHQLF�SRWHQF\���)RU�H[DPSOH�DQ�LQGLYLGXDO�ZLWK�D�OLIHWLPH�DYHUDJH
GDLO\�GRVH�RI�����PJ�NJ�RI�D�FDUFLQRJHQ�ZLWK�D�SRWHQF\�RI������PJ�NJ�GD\�ZRXOG�H[SHULHQFH�D
OLIHWLPH�FDQFHU�ULVN�RI�������IURP�H[SRVXUH�WR�WKDW�FKHPLFDO���,Q�JHQHUDO��ULVNV�IURP�H[SRVXUHV�WR
PRUH�WKDQ�RQH�FDUFLQRJHQ�DUH�DVVXPHG�WR�EH�DGGLWLYH��XQOHVV�RWKHU�LQIRUPDWLRQ�SRLQWV�WRZDUG�D
GLIIHUHQW�LQWHUSUHWDWLRQ�

&KURQLF�+HDOWK�5LVNV

%HFDXVH�DGYHUVH�HIIHFWV�RWKHU�WKDQ�FDQFHU�DQG�JHQHWLF�WR[LFLW\�DUH�JHQHUDOO\�DVVXPHG�WR
KDYH�D�GRVH�RU�H[SRVXUH�WKUHVKROG��D�GLIIHUHQW�DSSURDFK�LV�QHHGHG�WR�HYDOXDWH�WR[LFRORJLF�SRWHQF\
DQG�ULVN�IRU�WKHVH��V\VWHPLF�HIIHFWV�����6\VWHPLF�WR[LFLW\��PHDQV�DQ�DGYHUVH�HIIHFW�RQ�DQ\�RUJDQ
V\VWHP�IROORZLQJ�DEVRUSWLRQ�DQG�GLVWULEXWLRQ�RI�D�WR[LFDQW�WR�D�VLWH�LQ�WKH�ERG\�GLVWDQW�IURP�WKH
WR[LFDQW
V�HQWU\�SRLQW���(3$�XVHV�WKH��5HIHUHQFH�'RVH��DSSURDFK�WR�HYDOXDWH�FKURQLF��ORQJ�WHUP�
H[SRVXUHV� WR� V\VWHPLF� WR[LFDQWV�� � 7KH� 5HIHUHQFH�'RVH� �5I'�� LV� GHILQHG� DV� �DQ� HVWLPDWH� �ZLWK
XQFHUWDLQW\�VSDQQLQJ�SHUKDSV�DQ�RUGHU�RI�PDJQLWXGH��RI�D�GDLO\�H[SRVXUH�WR�WKH�KXPDQ�SRSXODWLRQ
�LQFOXGLQJ�VHQVLWLYH�VXEJURXSV��WKDW�LV�OLNHO\�WR�EH�ZLWKRXW�DSSUHFLDEOH�ULVN�RI�GHOHWHULRXV�HIIHFWV
GXULQJ�D�OLIHWLPH��DQG�LV�H[SUHVVHG�DV�D�PJ�NJ�GD\�GRVH���7KH�5I'�LV�XVXDOO\�EDVHG�RQ�WKH�PRVW
VHQVLWLYH�NQRZQ�HIIHFW��L�H���WKH�HIIHFW�WKDW�RFFXUV�DW�WKH�ORZHVW�GRVH���(3$�FDOFXODWHV�D�FRPSDUDEOH
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PHDVXUH�RI�SRWHQF\�IRU�FRQWLQXRXV�LQKDODWLRQ�H[SRVXUHV�FDOOHG�D�5HIHUHQFH�&RQFHQWUDWLRQ�RU�5I&�
H[SUHVVHG�DV�D�PJ�P �DLU�FRQFHQWUDWLRQ�� �$OWKRXJK�VRPH�5I'V�DQG�5I&V�DUH�EDVHG�RQ�DFWXDO�

KXPDQ�GDWD��WKH\�DUH�PRVW�RIWHQ�FDOFXODWHG�IURP�UHVXOWV�REWDLQHG�LQ�FKURQLF�RU�VXEFKURQLF�DQLPDO
VWXGLHV�� �7KH�EDVLF�DSSURDFK�IRU�GHULYLQJ�DQ�5I'�RU�5I&�LQYROYHV�GHWHUPLQLQJ�D��QR�REVHUYHG�
DGYHUVH�HIIHFW�OHYHO��12$(/���RU��ORZHVW�REVHUYHG�DGYHUVH�HIIHFW�OHYHO��/2$(/���IURP�DQ�DSSURSULDWH
WR[LFRORJLF�RU�HSLGHPLRORJLF�VWXG\�DQG�WKHQ�DSSO\LQJ�YDULRXV�XQFHUWDLQW\�IDFWRUV�DQG�PRGLI\LQJ
IDFWRUV� WR� DUULYH� DW� WKH�5I'�5I&�� �(DFK� IDFWRU� UHSUHVHQWV� D� VSHFLILF� DUHD� RI�XQFHUWDLQW\�� � )RU
H[DPSOH��DQ�5I'�EDVHG�RQ�D�12$(/�IURP�D�ORQJ�WHUP�DQLPDO�VWXG\�PD\�LQFRUSRUDWH�D�IDFWRU�RI���
WR�DFFRXQW�IRU�WKH�XQFHUWDLQW\�LQ�H[WUDSRODWLQJ�IURP�WKH�WHVW�VSHFLHV�WR�KXPDQV��DQG�DQRWKHU�IDFWRU
RI����WR�DFFRXQW�IRU�WKH�YDULDWLRQ�LQ�VHQVLWLYLW\�ZLWKLQ�WKH�KXPDQ�SRSXODWLRQ���$Q�5I'�EDVHG�RQ�D
/2$(/�W\SLFDOO\�FRQWDLQV�DQRWKHU�IDFWRU�RI����WR�DFFRXQW�IRU�WKH�H[WUDSRODWLRQ�IURP�/2$(/�WR
12$(/���$Q�DGGLWLRQDO�PRGLI\LQJ�IDFWRU��EHWZHHQ���DQG�����LV�VRPHWLPHV�DSSOLHG�WR�DFFRXQW�IRU
XQFHUWDLQWLHV�LQ�GDWD�TXDOLW\�

5I'V�DQG�5I&V�FDQ�EH�XVHG�WR�HYDOXDWH�ULVNV�IURP�FKURQLF�H[SRVXUHV�WR�V\VWHPLF�WR[LFDQWV�
(3$�GHILQHV�DQ�H[SUHVVLRQ�RI�ULVN�FDOOHG�D��+D]DUG�4XRWLHQW��ZKLFK�LV�WKH�UDWLR�RI�WKH�HVWLPDWHG
FKURQLF�GRVH�H[SRVXUH� OHYHO� WR� WKH�5I'�5I&�� �+D]DUG�4XRWLHQW� YDOXHV�EHORZ�XQLW\� LPSO\� WKDW
DGYHUVH�HIIHFWV�DUH�YHU\�XQOLNHO\�WR�RFFXU���7KH�PRUH�WKH�+D]DUG�4XRWLHQW�H[FHHGV�XQLW\��WKH�JUHDWHU
LV�WKH�OHYHO�RI�FRQFHUQ���+RZHYHU��LW�LV�LPSRUWDQW�WR�UHPHPEHU�WKDW�WKH�+D]DUG�4XRWLHQW�LV�QRW�D
SUREDELOLVWLF� VWDWHPHQW� RI� ULVN�� � $� TXRWLHQW� RI� ������GRHV�QRW�PHDQ� WKDW� WKHUH� LV� D� RQH�LQ�D�
WKRXVDQG�FKDQFH�RI�WKH�HIIHFW�RFFXUULQJ���)XUWKHUPRUH��LW�LV�LPSRUWDQW�WR�UHPHPEHU�WKDW�WKH�OHYHO
RI�FRQFHUQ�GRHV�QRW�QHFHVVDULO\� LQFUHDVH� OLQHDUO\�DV�WKH�TXRWLHQW�DSSURDFKHV�RU�H[FHHGV�XQLW\
EHFDXVH�WKH�5I'�5I&�GRHV�QRW�SURYLGH�DQ\� LQIRUPDWLRQ�DERXW�WKH�VKDSH�RI� WKH�GRVH�UHVSRQVH
FXUYH��

$Q�H[SUHVVLRQ�RI�ULVN�WKDW�FDQ�EH�XVHG�ZKHQ�DQ�5I'�5I&�LV�QRW�DYDLODEOH�LV�WKH��0DUJLQ�RI�
([SRVXUH��02(�����7KH�02(�LV�WKH�UDWLR�RI�D�12$(/�RU�/2$(/��SUHIHUDEO\�IURP�D�FKURQLF�VWXG\�
WR�DQ�HVWLPDWHG�GRVH�RU�H[SRVXUH�OHYHO���,QWHUSUHWDWLRQ�RI�DQ�02(�HPSOR\V�WKH�VDPH�DSSURDFK�WR
XQFHUWDLQW\�DV�WKH�5I'�GRHV�� �$Q�02(�YDOXH�KLJK�HQRXJK�WR�DFFRXQW� IRU� WKH�XQFHUWDLQWLHV� LQ
H[WUDSRODWLQJ�IURP�WKH�H[SHULPHQWDO�GDWD�WR�D�OLNHO\�QR�HIIHFW�OHYHO�LQ�KXPDQV�LPSOLHV�D�ORZ�OHYHO
RI�FRQFHUQ��)RU�H[DPSOH���02(�YDOXHV�VXFK�DV�YDOXHV�JUHDWHU�WKDQ�����IRU�D�12$(/�EDVHG�02(
�WR�DFFRXQW� IRU� LQWHUVSHFLHV�DQG�LQWUDVSHFLHV�YDULDELOLW\�� �RU������IRU�D�/2$(/�EDVHG�02(��WR
DFFRXQW�IRU�LQWHUVSHFLHV�DQG�LQWUDVSHFLHV�YDULDELOLW\�DQG�/2$(/�WR�12$(/�H[WUDSRODWLRQ��LQGLFDWH
ORZ�FRQFHUQ���$V�WKH�02(�GHFUHDVHV��WKH�OHYHO�RI�FRQFHUQ�LQFUHDVHV���$V�ZLWK�WKH�+D]DUG�4XRWLHQW�
LW�LV�LPSRUWDQW�WR�UHPHPEHU�WKDW�WKH�02(�LV�QRW�D�SUREDELOLVWLF�VWDWHPHQW�RI�ULVN��

'HYHORSPHQWDO�7R[LFLW\�5LVNV

%HFDXVH� RI� WKH�PDQ\�XQLTXH� HOHPHQWV� DVVRFLDWHG�ZLWK� ERWK� WKH� KD]DUG� DQG� H[SRVXUH
FRPSRQHQWV�RI�GHYHORSPHQWDO�WR[LFLW\�ULVN�DVVHVVPHQW��WKHVH�ULVNV�DUH�WUHDWHG�VHSDUDWHO\�IURP
RWKHU�V\VWHPLF�WR[LFLW\�ULVNV���

(3$�GHILQHV�GHYHORSPHQWDO�WR[LFLW\�DV�DGYHUVH�HIIHFWV�RQ�WKH�GHYHORSLQJ�RUJDQLVP�WKDW�PD\
UHVXOW�IURP�H[SRVXUH�SULRU�WR�FRQFHSWLRQ��GXULQJ�SUHQDWDO�GHYHORSPHQW��RU�SRVWQDWDOO\�WR�WKH�WLPH
RI�VH[XDO�PDWXUDWLRQ���$GYHUVH�GHYHORSPHQWDO�HIIHFWV�PD\�EH�GHWHFWHG�DW�DQ\�SRLQW�LQ�WKH�OLIH�VSDQ
RI�WKH�RUJDQLVP���7KH�PDMRU�PDQLIHVWDWLRQV�RI�GHYHORSPHQWDO�WR[LFLW\�LQFOXGH�������GHDWK�RI�WKH
GHYHORSLQJ�RUJDQLVP������VWUXFWXUDO�DEQRUPDOLW\������DOWHUHG�JURZWK��DQG�����IXQFWLRQDO�GHILFLHQF\�

7KHUH� LV� D� SRVVLELOLW\� WKDW� D� VLQJOH� H[SRVXUH� PD\� EH� VXIILFLHQW� WR� SURGXFH� DGYHUVH
GHYHORSPHQWDO�HIIHFWV��7KHUHIRUH��LW�LV�DVVXPHG�WKDW��LQ�PRVW�FDVHV��D�VLQJOH�H[SRVXUH�DW�DQ\�RI
VHYHUDO�GHYHORSPHQWDO�VWDJHV�PD\�EH�VXIILFLHQW�WR�SURGXFH�DQ�DGYHUVH�GHYHORSPHQWDO�HIIHFW���,Q�WKH
FDVH�RI�LQWHUPLWWHQW�H[SRVXUHV��H[DPLQDWLRQ�RI�WKH�SHDN�H[SRVXUH�V��DV�ZHOO�DV�WKH�DYHUDJH�H[SRVXUH
RYHU�WKH�WLPH�SHULRG�RI�H[SRVXUH�LV�LPSRUWDQW�
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(3$�KDV�GHULYHG�5I'V�DQG�5I&V�IRU�GHYHORSPHQWDO�WR[LFDQWV�LQ�D�VLPLODU�PDQQHU�WR�WKH�5I'V
DQG�5I&V�IRU�RWKHU�V\VWHPLF�WR[LFDQWV���7KH�5I' �RU�5I& �LV�DQ�HVWLPDWH�RI�D�GDLO\�H[SRVXUH�WR�WKH'7� � '7

KXPDQ�SRSXODWLRQ�WKDW�LV�DVVXPHG�WR�EH�ZLWKRXW�DSSUHFLDEOH�ULVN�RI�GHOHWHULRXV�GHYHORSPHQWDO
HIIHFWV���7KH�XVH�RI�WKH�VXEVFULSW�'7�LV�LQWHQGHG�WR�GLVWLQJXLVK�WKHVH�WHUPV�IURP�WKH�PRUH�FRPPRQ
5I'V�DQG�5I&V�WKDW�UHIHU�WR�FKURQLF�H[SRVXUH�VLWXDWLRQV�IRU�RWKHU�V\VWHPLF�HIIHFWV���

'HYHORSPHQWDO�WR[LFLW\�ULVN�FDQ�EH�H[SUHVVHG�DV�D�+D]DUG�4XRWLHQW��GRVH�RU�H[SRVXUH�OHYHO
GLYLGHG�E\�WKH�5I' �RU�5I& ��RU�0DUJLQ�RI�([SRVXUH��12$(/�RU�/2$(/�GLYLGHG�E\�WKH�GRVH�RU'7� � '7

H[SRVXUH�OHYHO���ZLWK�FDUHIXO�DWWHQWLRQ�SDLG�WR�WKH�H[SRVXUH�WHUP��DV�GHVFULEHG�DERYH���

127(���7KH�FORVHO\�UHODWHG�DUHD�RI�UHSURGXFWLYH�WR[LFLW\�LV�DOVR�DQ�LPSRUWDQW�DVSHFW�RI�V\VWHPLF
WR[LFLW\���)RU�SXUSRVHV�RI�WKLV�UHSRUW��WR[LFLW\�LQIRUPDWLRQ�RQ�DGXOW�PDOH�DQG�IHPDOH�UHSURGXFWLYH
V\VWHPV�ZLOO�EH�DVVHVVHG�DV�SDUW�RI�WKH�FKURQLF�WR[LFLW\�ULVN�

'HFLVLRQ�&ULWHULD�

�&RQFHUQV��DUH�FDVHV�LQ�ZKLFK�WKH�HVWLPDWHG�KD]DUG�TXRWLHQW�LV�WHQ�RU�JUHDWHU�RU�LQ�ZKLFK�WKH
HVWLPDWHG�PDUJLQ�RI�H[SRVXUH��02(��LV�PXFK�OHVV�WKDQ������EDVHG�RQ�D�QR�REVHUYHG�DGYHUVH�HIIHFW
OHYHO��12$(/���RU�PXFK�OHVV�WKDQ�������EDVHG�RQ�D�ORZHVW�REVHUYHG�DGYHUVH�HIIHFW�OHYHO��/2$(/���

�3RVVLEOH�FRQFHUQV��DUH�FDVHV�LQ�ZKLFK�WKH�HVWLPDWHG�KD]DUG�TXRWLHQW�LV�EHWZHHQ�RQH�DQG�WHQ�RU
LQ�ZKLFK� WKH�HVWLPDWHG�PDUJLQ�RI�H[SRVXUH� LV� VOLJKWO\� OHVV� WKDQ����� �EDVHG�RQ�D�QR�REVHUYHG
DGYHUVH�HIIHFW�OHYHO��RU�VOLJKWO\�OHVV�WKDQ�������EDVHG�RQ�D�ORZHVW�REVHUYHG�DGYHUVH�HIIHFW�OHYHO��RU
FDVHV�LQ�ZKLFK�WKH�FRQFHUQ�LV�PLWLJDWHG�E\�RWKHU�FRQVLGHUDWLRQV�VXFK�DV�DEVRUSWLRQ�UDWHV���

�/RZ�RU�QHJOLJLEOH�FRQFHUQV��DUH�FDVHV�LQ�ZKLFK�WKH�HVWLPDWHG�KD]DUG�TXRWLHQW�LV�OHVV�WKDQ�RQH�RU
LQ�ZKLFK�WKH�02( �LV�JUHDWHU�WKDQ�����RU�WKH�02( �LV�JUHDWHU�WKDQ������12$(/� � � � � � � /2$(/

$VVXPSWLRQV�DQG�8QFHUWDLQWLHV

(VWLPDWHG� GRVHV� DVVXPH�����SHUFHQW� DEVRUSWLRQ�� � 7KH� DFWXDO� DEVRUSWLRQ� UDWH�PD\�EH
VLJQLILFDQWO\�ORZHU��HVSHFLDOO\�IRU�GHUPDO�H[SRVXUHV�WR�UHODWLYHO\�SRODU�FRPSRXQGV���7KH�DVVHVVPHQW
XVHG�WKH�PRVW�UHOHYDQW�WR[LFRORJLFDO�SRWHQF\�IDFWRU�DYDLODEOH�IRU�WKH�H[SRVXUH�XQGHU�FRQVLGHUDWLRQ�
,Q�VRPH�FDVHV�WKH�RQO\�SRWHQF\�IDFWRU�DYDLODEOH�ZDV�GHULYHG�IURP�D�VWXG\�HPSOR\LQJ�D�GLIIHUHQW
URXWH�RI�H[SRVXUH�WKDQ�WKH�H[SRVXUH�EHLQJ�HYDOXDWHG��H�J���RUDO�5I'�YDOXHV�ZHUH�VRPHWLPHV�XVHG
WR� FDOFXODWH� +D]DUG� 4XRWLHQWV� IRU� LQKDODWLRQ� DQG� GHUPDO� H[SRVXUHV�� �0RVW� RI� WKH�0DUJLQ�RI�
([SRVXUH�FDOFXODWLRQV�SUHVHQWHG�LQ�WKH�DVVHVVPHQW�DUH�EDVHG�RQ�WR[LFLW\�GDWD�WKDW�KDYH�QRW�EHHQ
IRUPDOO\�HYDOXDWHG�E\�WKH�$JHQF\��%HFDXVH�RI�WKH�VPDOO�FRQWULEXWLRQ�RI�LQKDODWLRQ�H[SRVXUH�WR�WKH
WRWDO�GRVH������IRU�PRVW�FKHPLFDOV���FRPELQHG�GRVH�02(V�ZHUH�QRW�FDOFXODWHG�

:RUNHU�GHUPDO�H[SRVXUH�YDOXHV�VKRXOG�EH�UHJDUGHG�DV�§ERXQGLQJ�HVWLPDWHV�¨�L�H���FDOFXODWHG
H[SRVXUHV�DUH�H[SHFWHG�WR�EH�KLJKHU�WKDQ�DQ\�DFWXDO�H[SRVXUH�OHYHOV���([SRVXUH�HVWLPDWHV�IRU�DOO
RWKHU�SDWKZD\V��ZRUNHU�LQKDODWLRQ��JHQHUDO�SRSXODWLRQ�H[SRVXUH�YLD�DPELHQW�DLU��GULQNLQJ�ZDWHU
DQG� ILVK�� VKRXOG� EH� UHJDUGHG� DV� §ZKDW� LI¨� HVWLPDWHV�� � 7KH� §ZKDW� LI¨� VFHQDULRV� DUH� EDVHG� RQ
LQIRUPDWLRQ�RQ�SURGXFW�XVDJH�DQG�ZRUN�SUDFWLFHV�REWDLQHG� IURP�LQGXVWU\�VXUYH\V�� �1R�DFWXDO
PHDVXUHV�RI�FKHPLFDO�UHOHDVH�RU�H[SRVXUH�ZHUH�DYDLODEOH���7KH�VFHQDULRV�DUH�LQWHQGHG�WR�UHSUHVHQW
D� SODXVLEOH� VHW� RI� FLUFXPVWDQFHV� XQGHU�ZKLFK� H[SRVXUHV� FRXOG� RFFXU�� �+RZHYHU�� QRW� HQRXJK
LQIRUPDWLRQ� LV�DYDLODEOH�WR�HVWLPDWH�WKH�SUREDELOLW\�RI� WKHVH�FLUFXPVWDQFHV�DFWXDOO\�RFFXUULQJ�
7KXV��LW�LV�QRW�SRVVLEOH�WR�SUHGLFW�ZKHUH�WKH�FDOFXODWHG�YDOXHV�IDOO�LQ�WKH�H[SRVXUH�GLVWULEXWLRQ��L�H��
WKH�UHVXOWLQJ�H[SRVXUH�DQG�ULVN�HVWLPDWHV�FDQQRW�EH�FKDUDFWHUL]HG�DV�§FHQWUDO�WHQGHQF\�¨�§KLJK
HQG�¨�HWF�
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$�QXPEHU�RI� WKH� FKHPLFDOV�RI� FRQFHUQ�KDYH�RQO\�D� OLPLWHG� WR[LFRORJLF�GDWD�EDVH�� �7KH
FDOFXODWHG�ULVNV�IRU�WULPHWK\OEHQ]HQH��OLJKW�DURPDWLF�QDSKWKD��OLQDORRO��EXW\URODFWRQH��6WRGGDUG
VROYHQW��DQG�GLHWKDQRODPLQH�DUH�EDVHG�RQ�/2$(/�YDOXHV�IURP�VWXGLHV�WKDW�GLG�QRW�UHDFK�D�12$(/�
7KH�DYDLODEOH�VWXGLHV�RQ�WKHVH�FKHPLFDOV�DUH�JHQHUDOO\�OLPLWHG�LQ�VFRSH�DQG�GR�QRW�DGGUHVV�DOO
PDMRU�WR[LFRORJLF�HQGSRLQWV�

3.4.2  Ecological Risk

7KH�EDVLF�HOHPHQWV�RI�HFRORJLFDO�ULVN�DVVHVVPHQW�DUH�VLPLODU�WR�WKRVH�HPSOR\HG�LQ�KXPDQ
KHDOWK�ULVN�DVVHVVPHQW���%HFDXVH�RI�WKH�OLPLWHG�WR[LFRORJLFDO�GDWD�DYDLODEOH�IRU�WKH�OLWKRJUDSKLF
EODQNHW�ZDVK�FKHPLFDOV��WKLV�UHSRUW�ZLOO�RQO\�DGGUHVV�HFRORJLFDO�ULVNV�WR�DTXDWLF�VSHFLHV���5LVNV�WR
WHUUHVWULDO�VSHFLHV�ZLOO�QRW�EH�DVVHVVHG���4XDQWLWDWLYH�HYDOXDWLRQ�RI�DTXDWLF�ULVNV�LQYROYHV�FRPSDULQJ
D�SUHGLFWHG�DPELHQW�ZDWHU�FRQFHQWUDWLRQ�WR�D��FRQFHUQ�FRQFHQWUDWLRQ��IRU�FKURQLF�H[SRVXUHV�WR
DTXDWLF�VSHFLHV���7KH�FRQFHUQ�FRQFHQWUDWLRQ�PD\�EH�EDVHG�HLWKHU�RQ�DFWXDO�WR[LFRORJLF�WHVW�GDWD�RQ
WKH�VXEMHFW�FKHPLFDO�RU�RQ�TXDQWLWDWLYH�VWUXFWXUH�DFWLYLW\�UHODWLRQVKLS�DQDO\VLV�RI�WHVW�GDWD�RQ
VLPLODU� FKHPLFDOV�� � 7KH� FRQFHUQ� FRQFHQWUDWLRQ� LV� W\SLFDOO\� H[SUHVVHG� DV� D� PJ�/� ZDWHU
FRQFHQWUDWLRQ��([SRVXUH�FRQFHQWUDWLRQV�EHORZ�WKH�FRQFHUQ�FRQFHQWUDWLRQ�DUH�DVVXPHG�WR�SUHVHQW
ORZ�ULVN�WR�DTXDWLF�VSHFLHV���([SRVXUHV�WKDW�H[FHHG�WKH�FRQFHUQ�FRQFHQWUDWLRQ�LQGLFDWH�D�SRWHQWLDO
IRU�DGYHUVH�LPSDFW�RQ�DTXDWLF�VSHFLHV���7KH�OHYHO�RI�FRQFHUQ�LQFUHDVHV�DV�WKH�UDWLR�RI�H[SRVXUH
FRQFHQWUDWLRQ�WR�FRQFHUQ�FRQFHQWUDWLRQ�LQFUHDVHV���

$�QXPEHU�RI�IRUPXODWLRQV�SUHVHQW�FRQFHUQV�ZLWK�UHVSHFW�WR�SRWHQWLDO�LPSDFWV�RQ�DTXDWLF
VSHFLHV�UHVXOWLQJ�IURP�ZDWHU�UHOHDVHV���2QO\�WZR�FKHPLFDO�FODVVHV�KDG�HVWLPDWHG�FRQFHQWUDWLRQV
LQ�D�K\SRWKHWLFDO�UHFHLYLQJ�VWUHDP��D�UHODWLYHO\�VPDOO�VWUHDP�DW�ORZ�IORZ�FRQGLWLRQV��WKDW�H[FHHGHG
WKH�§FRQFHUQ�FRQFHQWUDWLRQ¨�IRU�WKDW�FKHPLFDO�FODVV���3UHGLFWLRQV�EDVHG�RQ�DFWXDO�VWUHDPIORZ�GDWD
IRU�WKH�6RXWK�3ODWWH�5LYHU�VXSSRUW�WKHVH�FRQFOXVLRQV���0RVW�RI�WKH�H[FHVVHV�LQ�WKH�K\SRWKHWLFDO
VWUHDP�DUH�DOVR�H[FHVVHV�LQ�WKH�6RXWK�3ODWWH�5LYHU��LQ�VRPH�FDVHV�DW�PHDQ�IORZ�DV�ZHOO�DV�ORZ�IORZ
FRQGLWLRQV�

7KH�IROORZLQJ�WZR�FKHPLFDOV�H[FHHGHG�WKH�DTXDWLF�FRQFHUQ�FRQFHQWUDWLRQV���DON\O�EHQ]HQH
VXOIRQDWHV�DQG�HWKR[\ODWHG�QRQ\OSKHQROV��ZKLFK�DUH�SUHVHQW�LQ�)RUPXODWLRQV������������������������
DQG�����DQG�LQ�)RUPXODWLRQV������������������������DQG�����UHVSHFWLYHO\�

$�WDEOH�RI�WKH�FRQFHUQ�FRQFHQWUDWLRQ�HVWLPDWHV�IRU�DTXDWLF�VSHFLHV�IROORZV��7DEOH������

$VVXPSWLRQV�DQG�8QFHUWDLQWLHV

$OO�HVWLPDWHG�ZDWHU�FRQFHQWUDWLRQV�DUH�EDVHG�RQ�UHOHDVH�HVWLPDWHV�GHYHORSHG�IURP�§ZKDW�LI¨
VFHQDULRV�FRQVWUXFWHG�IURP�LQGXVWU\�VXUYH\V�DQG�DVVXPSWLRQV�UHYLHZHG�E\�LQGXVWU\�H[SHUWV�RI
SURGXFW�XVDJH�DQG�ZRUN�SUDFWLFHV���1R�DFWXDO�PHDVXUHV�RI�FKHPLFDO�UHOHDVH�RU�H[SRVXUH�OHYHOV�ZHUH
DYDLODEOH�
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Table 3-7.  Risks to Aquatic Species from Blanket Wash Chemicals

Form. Chemical Components conc "cc" flow
Number (mg/L) conc/

    Stream concentrations (mg/L) Concern Low 1

"cc"

50th %ile 10th %ile 10th %ile

Mean flow Mean flow Low flow

1 Fatty acid derivatives
Alkoxylated alcohols

3 Hydrocarbons, petroleum distillates
Fatty acid derivatives 7×10 6×10 4×10 *
Hydrocarbons, aromatic
Alkyl benzene sulfonates 5×10 4×10 3×10 1×10 3×10

-5

-5

-4

-4

-2

-2 -3 1

4 Terpenes
Ethoxylated nonylphenol 1.56×10 1.182×10 7.8×10 1×10 782 -4 -3 -2 -3

5 Water 
Hydrocarbons, aromatic
Ethylene glycol ethers
Ethoxylated nonylphenol  2.0×10 1.52×10 1.0×10 1×10 102

Alkyl benzene sulfonates 5×10  3.9×10 2.6×10 2×10 1
Alkoxylated alcohols 1×10 9×10 6×10 2×10 3×10

-5

-6

-4

-4

-5

-4

-2

-3

-2

-3

-3

-1

Alkali/salts 0 0 0
-1

6 Fatty acid derivatives 2×10 1×10 8×10 *
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates 6×10 5×10 3×10 1×10 3

-4

-6

-3

-5

-2

-3 -3

7 Terpenes
Ethoxylated nonylphenol 6×10 4.5×10 3.0×10 1×10 32

Alkoxylated alcohols 2×10 1×10 9×10 1×10 9×10

-6

-5

-5

-4

-3

-3

-3

-1 -2

8 Water 
Hydrocarbons, aromatic
Propylene glycol ethers
Alkyl benzene sulfonates 1.11×10 8.08×10 4.95×10 1×10 5×10
Ethoxylated nonylphenol  1.7×10 1.29×10 8.5×10 1×10 8.52

Alkoxylated alcohols 1×10 8×10 5×10 2×10 3×10
Alkali/salts 0 0 0

-4

-5

-4

-4

-4

-4

-2

-3

-2

+1

-3

-1

-1

-1

9 Fatty acid derivatives 2×10 1×10 1×10 *
Water 
Ethoxylated nonylphenol  6×10 4.5×10 3×10 1×10 32

-4

-6

-3

-5

-1

-3 -3

10 Fatty acid derivatives 7×10 5×10 3×10 *
Water 

-5 -4 -2

11 Fatty acid derivatives 1×10 9×10 6×10 *
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates 3×10 2×10 2×10 1×10 2×10

-4

-5

-4

-4

-2

-2 -3 +1

12 Hydrocarbons, petroleum distillates

13 Hydrocarbons, petroleum distillates
Terpenes

14 Fatty acid derivatives 3×10 2×10 1×10 *
Ethylene glycol ethers

-5 -4 -2

16 Terpenes
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    Stream concentrations (mg/L) Concern Low 1

"cc"

50th %ile 10th %ile 10th %ile

Mean flow Mean flow Low flow
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17 Ethoxylated nonylphenol 4×10 3.3×10 2.2×10 1×10 2.22

Propylene glycol ethers
Fatty acid derivatives 2×10 2×10 1×10 2 5×10
Alkali/salts
Water

-6

-6

-5

-5

-3

-3

-3

-4

18 Fatty acid derivatives 1×10 8×10 5×10 *
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Dibasic esters
Esters/lactones
Alkyl benzene sulfonates 3×10 2×10 2×10 1×10 2×10

-4

-5

-4

-4

-2

-2 -3 +1

19 Fatty acid derivatives 9×10 7×10 4×10 *
Ethylene glycol ethers

-5 -4 -2

20 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates 8×10 6×10 4×10 1×10 4×10-5 -4 -2 -3 +1

21 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates
Fatty acid derivatives 2×10 2×10 1×10 *-5 -4 -2

22 Fatty acid derivatives 1×10 1×10 7×10 *
Hydrocarbons, aromatic

-4 -3 -2

23 Terpenes
Nitrogen heterocyclics
Alkoxylated alcohols

24 Terpenes
Ethylene glycol ethers
Ethoxylated nonylphenol  9×10 7×10 4.6×10 1×10 4.62

Alkyl benzene sulfonates 8×10 6×10 4×10 3×10 1×10
Alkali/salts 3×10 2×10 2×10 9×10 2×10

-6

-6

-5

-5

-5

-4

-3

-3

-2

-3

-2

-2

-1

-1

25 Terpenes
Esters/lactones

26 Fatty acid derivatives 2.08×10 2.06×10 1.04×10 3×10
Esters/lactones 8×10 6×10 4×10 3×10 1×10

-4

-6

-3

-5

-1

-3

-1

-1 -2

27 Terpenes

28 Hydrocarbons, petroleum distillates

29 Fatty acid derivatives 3×10 2×10 1×10 *-4 -3 -1

30 Hydrocarbons, aromatic
Ethylene glycol ethers

31 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates

32 Hydrocarbons, petroleum distillates

33 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Propylene glycol ethers
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34 Water
Terpenes
Hydrocarbons, petroleum distillates
Alkoxylated alcohols 6×10 4×10 3×10 3×10 1×10
Fatty acid derivatives 3×10 3×10 2×10 7×10 3×10

-5

-5

-4

-4

-2

-2

-1

-2

-1

-1

35 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic

36 Fatty acid derivatives 2×10 1×10 9×10 *
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Propylene glycol ethers

-4 -3 -2

37 Water
Hydrocarbons, petroleum distillates
Aliphatic hydrocarbon 
Hydrocarbons, aromatic

38 Hydrocarbons, petroleum distillates
Alkoxylated alcohols
Fatty acid derivatives

39 Water
Hydrocarbons, petroleum distillates
Propylene glycol ethers
Alkanolamines 2×10 2×10 1×10 1 1×10
Ethylene glycol ethers

-5 -4 -2 -2

40 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates
Fatty acid derivatives
Ethoxylated nonylphenol 9×10 6.7×10 4.4×10 1×10 4.42 -6 -5 -3 -3

Low flow concentration/concern concentration; reported as mg/L1

Based on testing data (Weeks, J.A. et al.  1996.  Proceedings of the CESIO 4th World Surfactants Congress,2

Barcelona, Spain.  Brussels, Belgium:  European Committee on Surfactants and Detergents, pp. 276-291.) the original
estimate of POTW removal has been changed from 100% reported in the draft document to 95% in the final report.
This revision results in increased estimates of releases to surface water.  When the releases to surface water are
compared with the concern concentration set at the default value of 0.001 mg/L, the formulations containing
ethoxylated nonylphenols (formulations 4, 5, 7, 8, 9, 17, 24 and 40) present concerns to aquatic species that were not
reported in the draft CTSA.
No effects expected at saturation.*

3.4.3  Occupational Risks

0RVW�RI�WKH�IRUPXODWLRQV���������SUHVHQW�DW�OHDVW�VRPH�FRQFHUQ�IRU�GHUPDO�H[SRVXUHV�WR
ZRUNHUV���$�ZLGH�YDULHW\�RI�FKHPLFDOV�WULJJHU�WKHVH�FRQFHUQV��ZKLFK�DSSHDU�WR�EH�GULYHQ�SULPDULO\
E\�UHODWLYHO\�KLJK�SRWHQWLDO�H[SRVXUH�OHYHOV���7KH�FDOFXODWHG�ULVNV�RYHUHVWLPDWH�WKH�DFWXDO�ULVNV
EHFDXVH� RI� WKH� XVH� RI� ERXQGLQJ� HVWLPDWHV� RI� H[SRVXUH� DQG� WKH� DVVXPSWLRQ� RI� ����� GHUPDO
DEVRUSWLRQ���+RZHYHU��WKH�PDUJLQV�RI�H[SRVXUH�DUH�VR�ORZ��EHORZ����IRU�D�QXPEHU�RI�FKHPLFDOV��IRU
PRVW�RI�WKH�FKHPLFDOV�RI�FRQFHUQ�WKDW�LW�LV�YHU\�OLNHO\�WKDW�PRVW�RI�WKH�LGHQWLILHG�FRQFHUQV�ZRXOG
UHPDLQ�LI�PRUH�UHDOLVWLF�H[SRVXUH�HVWLPDWHV�ZHUH�DYDLODEOH���$OVR��PRVW�RI�WKH�FKHPLFDOV�RI�FRQFHUQ�
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H�J���YDULRXV�SHWUROHXP�K\GURFDUERQV��JO\FRO�HWKHUV��GLHWKDQRODPLQH��DUH�SUREDEO\�ZHOO�DEVRUEHG
GHUPDOO\�

:RUNHU�LQKDODWLRQ�ULVNV�DUH�YHU\�ORZ�IRU�DOPRVW�DOO�RI�WKH�IRUPXODWLRQV��UHIOHFWLYH�RI�WKH
JHQHUDOO\�ORZ�H[SRVXUH�OHYHOV�DV�VHHQ�LQ�7DEOH�������2QO\�RQH�IRUPXODWLRQ��IRUPXODWLRQ�QXPEHU���
WULJJHUHG�LQKDODWLRQ�FRQFHUQV�

$�0DUJLQ�RI�([SRVXUH��02(��RU�D�+D]DUG�4XRWLHQW��+4��JLYHV�DQ�HVWLPDWH�RI�WKH��PDUJLQ
RI�VDIHW\��EHWZHHQ�DQ�HVWLPDWHG�H[SRVXUH�OHYHO�DQG�WKH�OHYHO�DW�ZKLFK�DGYHUVH�HIIHFWV�PD\�RFFXU�
+D]DUG�4XRWLHQW�YDOXHV�EHORZ�XQLW\�LPSO\�WKDW�DGYHUVH�HIIHFWV�DUH�YHU\�XQOLNHO\�WR�RFFXU���7KH�PRUH
WKH�+D]DUG�4XRWLHQW�H[FHHGV�XQLW\��WKH�JUHDWHU�LV�WKH�OHYHO�RI�FRQFHUQ���+LJK�02(�YDOXHV�VXFK�DV
YDOXHV�JUHDWHU�WKDW�����IRU�D�12$(/�EDVHG�02(�RU������IRU�D�/2$(/�EDVHG�02(�LPSO\�D�ORZ�OHYHO
RI�FRQFHUQ���$V�WKH�02(�GHFUHDVHV��WKH�OHYHO�RI�FRQFHUQ�LQFUHDVHV���7KH�KD]DUG�YDOXHV�XVHG�LQ�WKH
+4�RU�02(�FDOFXODWLRQV�ZHUH�WDNHQ�IURP�7DEOH�������7KH�H[SRVXUH�YDOXHV�XVHG�LQ�WKH�FDOFXODWLRQV
ZHUH� WDNHQ� IURP� 7DEOH� ����� � 7KH� DEVHQFH� RI� +4� RU�02(� YDOXHV� LQ� WKLV� WDEOH� LQGLFDWHV� WKDW
LQVXIILFLHQW�KD]DUG�GDWD�ZHUH�DYDLODEOH�WR�FDOFXODWH�D�+4�RU�02(�IRU�WKDW�FKHPLFDO���

7KH�FDOFXODWHG�ULVN�QXPEHUV�VKRXOG�EH�YLHZHG�DV�ORZ�FRQILGHQFH�HVWLPDWHV�EHFDXVH�RI�WKH
PDQ\�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�ERWK�WKH�KD]DUG�DQG�H[SRVXUH�FRPSRQHQWV�RI�WKH�FDOFXODWLRQ�
+RZHYHU�� PRVW� RI� WKH� ULVN� FRQFOXVLRQV� WKDW� IROORZ� FDQ� EH� UHJDUGHG� ZLWK� PRGHUDWH� WR� KLJK
FRQILGHQFH�EHFDXVH�PRVW�RI�WKH�FRQFOXVLRQV�DUH�EDVHG�RQ�ULVN�HVWLPDWHV�WKDW�IDOO�IDU�DERYH�RU�IDU
EHORZ�VWDQGDUG�ULVN�EHQFKPDUNV���7KXV��WKH�§WUXH¨�ULVN�YDOXH�FRXOG�YDU\�VXEVWDQWLDOO\�IURP�WKH
HVWLPDWHG� YDOXH�ZLWKRXW� FKDQJLQJ� WKH� FRQFOXVLRQ�� � ,Q� SDUWLFXODU�� FRQFOXVLRQV� RI� ORZ� FRQFHUQ
JHQHUDOO\�FDQ�EH�UHJDUGHG�ZLWK�KLJK�FRQILGHQFH�EHFDXVH�RI�WKH�FRQVHUYDWLYH�DSSURDFK��L�H��RQH�WKDW
RYHUHVWLPDWHV�WKH�ULVN��WDNHQ�LQ�WKH�DVVHVVPHQW���&RQFOXVLRQV�EDVHG�RQ�VPDOO�H[FHVVHV�RI�ULVN
EHQFKPDUNV�VKRXOG�EH�YLHZHG�ZLWK�ORZ�FRQILGHQFH��DV�VKRXOG�DQ\�FRQFOXVLRQV�EDVHG�SULPDULO\�RQ
VWUXFWXUH�DFWLYLW\�SUHGLFWLRQV�

Table 3-8.  Worker Occupational Risk Estimates

Form.
Number

Margin of Exposure (MOE) 1,2

Chemical Components Dermal Inhalation

1 Fatty acid derivatives

Alkoxylated alcohols

3 Hydrocarbons, petroleum distillates

Fatty acid derivatives

Hydrocarbons, aromatic 10 4464

Hydrocarbons, aromatic 1 33

Hydrocarbons, aromatic 0.36 (HQ) 0.02 (HQ)

Hydrocarbons, aromatic 1 (HQ) 0.02 (HQ)

Alkyl benzene sulfonates

4 Terpenes 5 236

Ethoxylated nonylphenol 135

Ethoxylated nonylphenol 159
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Form.
Number

Margin of Exposure (MOE) 1,2

Chemical Components Dermal Inhalation
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5 Water

Hydrocarbons, aromatic 10 1.8×104

Ethylene glycol ethers 26 1.8×105

Ethoxylated nonylphenol 117

Alkyl benzene sulfonates

Alkoxylated alcohols

Alkyl benzene sulfonates

Alkali/salts

6 Fatty acid derivatives

Hydrocarbons, petroleum distillates 38 6233

Hydrocarbons, aromatic

Alkyl benzene sulfonates

7 Terpenes

Terpenes 22 1.8×104

Terpenes

Terpenes

Terpenes

Terpenes

Terpenes

Ethoxylated nonylphenol 318

Alkoxylated alcohols

8 Water

Hydrocarbons, aromatic

Propylene glycol ethers 200 4.1×104

Alkyl benzene sulfonates

Ethoxylated nonylphenol 135

Alkyl benzene sulfonates

Alkoxylated alcohols

Alkyl benzene sulfonates

Alkali/salts

9 Fatty acid derivatives

Water

Ethoxylated nonylphenol 455

10 Fatty acid derivatives

Water

11 Fatty acid derivatives

Hydrocarbons, petroleum distillates 21 4429

Hydrocarbons, aromatic

Alkyl benzene sulfonates
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Number

Margin of Exposure (MOE) 1,2

Chemical Components Dermal Inhalation
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12 Hydrocarbons, petroleum distillates

Hydrocarbons, petroleum distillates 73 7.0×104

Water

14 Fatty acid derivatives

Propylene glycol ethers

Water

16 Terpenes 22 1.8×104

Terpenes

Terpenes

Terpenes

Terpenes

Terpenes

Terpenes

17 Ethoxylated nonylphenol 515

Propylene glycol ethers 0.05 (HQ) 6×10  (HQ)-6

Fatty acid derivatives

Alkali/salts 5208

Water

18 Fatty acid derivatives

Hydrocarbons, petroleum distillates 26 5803

Hydrocarbons, aromatic

Dibasic esters 4 5405

Dibasic esters 4 9091

Dibasic esters 4 5263

Esters/lactones

Alkyl benzene sulfonates

19 Fatty acid derivatives

Propylene glycol ethers

Water

20 Water

Hydrocarbons, petroleum distillates 84 9.4×104

Hydrocarbons, aromatic

Alkyl benzene sulfonates

21 Hydrocarbons, aromatic 13 4464

Hydrocarbons, petroleum distillates 8 1336

Fatty acid derivatives

22 Fatty acid derivatives

Hydrocarbons, aromatic

Water
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Form.
Number

Margin of Exposure (MOE) 1,2

Chemical Components Dermal Inhalation
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23 Terpenes 63 2.1×104

Nitrogen heterocyclics 98 2.1×104

Alkoxylated alcohols

Water

24 Terpenes 28 7292

Ethylene glycol ethers 83 7.8×105

Ethoxylated nonylphenol 218

Alkyl benzene sulfonates 2

Alkali/salts

Water

25 Terpenes

Terpenes 22 1.8×104

Terpenes

Terpenes

Terpenes

Terpenes

Esters/lactones 218 1.5 x 104

26 Fatty acid derivatives

Esters/lactones 45

Fatty acid derivatives 151

Esters/lactones

27 Terpenes

Terpenes

Terpenes

Terpenes

Terpenes 455 3.6×105

Terpenes

Terpenes

28 Hydrocarbons, petroleum distillates 7 110

29 Fatty acid derivatives

30 Hydrocarbons, aromatic 4 5168

Propylene glycol ethers

Water

31 Hydrocarbons, aromatic 17 1.1×104

Hydrocarbons, petroleum distillates

32 Hydrocarbons, petroleum distillates
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Form.
Number

Margin of Exposure (MOE) 1,2

Chemical Components Dermal Inhalation
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33 Hydrocarbons, petroleum distillates 10 1.0×104

Hydrocarbons, aromatic 11 2.2×104

Propylene glycol ethers 3322 3.6×105

Water

34 Water

Terpenes 26 5147

Hydrocarbons, petroleum distillates 

Alkoxylated alcohols 140

Fatty acid derivatives

35 Hydrocarbons, petroleum distillates

Hydrocarbons, aromatic 3 1.1×104

36 Fatty acid derivatives

Hydrocarbons, petroleum distillates 50 8014

Hydrocarbons, aromatic

Propylene glycol ethers 1979 6.4×104

37 Water

Hydrocarbons, petroleum distillates

Hydrocarbons, aliphatic

Hydrocarbons, aromatic 100 1.5×105

38 Hydrocarbons, petroleum distillates

Alkoxylated alcohols

Fatty acid derivatives

39 Water

Hydrocarbons, petroleum distillates 50 5.6×104

Propylene glycol ethers 200 8.8×104

Alkanolamines 25

Ethylene glycol ethers 83 4.5×105

40 Hydrocarbons, aromatic

Hydrocarbons, petroleum distillates 59 8415

Fatty acid derivatives

Ethoxylated nonylphenol 318

A Margin-of-Exposure (MOE) or a Hazard Quotient (HQ) gives an estimate of the "margin of safety" between an1

estimated exposure level and the level at which adverse effects may occur.  Hazard Quotient values below unity imply
that adverse effects are very unlikely to occur.  The more the Hazard Quotient exceeds unity, the greater is the level
of concern.  High MOE values such as values greater that 100 for a NOAEL-based MOE or 1000 for a LOAEL-based
MOE imply a low level of concern.  As the MOE decreases, the level of concern increases.  The hazard values used
in the HQ or MOE calculations were taken from Table 2-3.  The exposure values used in the calculations were taken
from Table 3-2.  
The absence of HQ or MOE values in this table indicates that insufficient hazard data were available to calculate a2

HQ or MOE for that chemical.
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          Hazard values refer to NOAELs, LOAELs, RfDs, or RfCs used in calculating hazard quotients or margins of exposure or sloped

factor used in calculating carcinogenic risk.  The specific toxicologic endpoints associated with the chemicals of concern are shown
in Table 2-3 “Human Health Hazard Summary”
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%HORZ�LV�D�VXPPDU\�RI�ULVNV�IRXQG�IRU�HDFK�IRUPXODWLRQ���7KLV�VXPPDU\�LV�LQWHQGHG�WR
FRQYH\�WKH�ULVNV�WKDW�WKHVH�IRUPXODWLRQV�PD\�SUHVHQW�XQGHU�W\SLFDO�FRQGLWLRQV�RI�XVH���$�VXPPDU\
RI�WKH�WR[LFRORJLFDO�HQGSRLQWV�DVVRFLDWHG�ZLWK�FKHPLFDOV�RI�FRQFHUQ�LV�VKRZQ�LQ�7DEOH�����

%ODQNHW�:DVK��

:RUNHU�5LVN

5LVNV� IRU� WKLV� IRUPXODWLRQ� FRXOG� QRW� EH� TXDQWLILHG� GXH� WR� WKH� XQDYDLODELOLW\� RI� KD]DUG
YDOXHV ���+RZHYHU��RYHUDOO�FRQFHUQ�LV�ORZ�EHFDXVH�RI�ORZ�LQKDODWLRQ�H[SRVXUH�OHYHOV��SRRU�GHUPDOG

DEVRUSWLRQ��DQG�ORZ�WR�PRGHUDWH�WR[LFRORJLF�FRQFHUQ�EDVHG�RQ�VWUXFWXUH�DFWLYLW\�DQDO\VLV��

%ODQNHW�:DVK��

:RUNHU�5LVN���'HUPDO�([SRVXUH

+D]DUG� TXRWLHQW� FDOFXODWLRQV� LQGLFDWH� D� FRQFHUQ� IRU� H[SRVXUH� WR� VRPH� DURPDWLF
K\GURFDUERQV�DQG�YHU\�ORZ�FRQFHUQ�IRU�H[SRVXUH�WR�RWKHU�DURPDWLF�K\GURFDUERQV���+RZHYHU��WKH
KD]DUG�YDOXHV�DUH�EDVHG�XSRQ�RUDO�RU�LQKDODWLRQ�VWXGLHV���0DUJLQ�RI�H[SRVXUH�FDOFXODWLRQV�LQGLFDWH
FRQFHUQ�IRU�H[SRVXUHV�WR�DURPDWLF�K\GURFDUERQV���+RZHYHU��WKH�KD]DUG�YDOXHV�DUH�EDVHG�XSRQ
LQKDODWLRQ�VWXGLHV����5LVNV�IRU�RWKHU�FKHPLFDOV�LQ�WKLV�IRUPXODWLRQ�FRXOG�QRW�EH�TXDQWLILHG�GXH�WR
WKH�XQDYDLODELOLW\�RI�KD]DUG�YDOXHV�

:RUNHU�5LVN���,QKDODWLRQ�([SRVXUH

+D]DUG� TXRWLHQW� FDOFXODWLRQV� LQGLFDWH� YHU\� ORZ� FRQFHUQ� IRU� H[SRVXUH� WR� DURPDWLF
K\GURFDUERQV���+RZHYHU��WKH�KD]DUG�YDOXH�IRU�RQH�RI�WKHVH�DURPDWLF�K\GURFDUERQV�LV�EDVHG�XSRQ
DQ�RUDO�VWXG\���7KH�5I'�XVHG�WR�FDOFXODWH�WKH�ULVN�HVWLPDWH�LV�FODVVLILHG�DV�§ORZ�FRQILGHQFH¨�E\�,5,6
�,QWHJUDWHG� 5LVN� ,QIRUPDWLRQ� 6\VWHP��� � 0DUJLQ� RI� H[SRVXUH� FDOFXODWLRQV� LQGLFDWH� FRQFHUQ� IRU
H[SRVXUH�WR�FHUWDLQ�DURPDWLF�K\GURFDUERQV��EXW�YHU\�ORZ�FRQFHUQ�IRU�H[SRVXUH�WR�RWKHUV���'XH�WR
QHJOLJLEOH�LQKDODWLRQ�H[SRVXUH��WKH�DON\O�EHQ]HQH�VXOIRQDWHV�DQG�IDWW\�DFLG�GHULYDWLYHV�XVHG�LQ�WKLV
IRUPXODWLRQ� SUHVHQW� QR� FRQFHUQ�� � 5LVNV� IRU� RWKHU� FKHPLFDOV� LQ� WKH� IRUPXODWLRQ� FRXOG� QRW� EH
TXDQWLILHG�GXH�WR�WKH�XQDYDLODELOLW\�RI�KD]DUG�YDOXHV�

%ODQNHW�:DVK��

:RUNHU�5LVN���'HUPDO�([SRVXUH

0DUJLQ�RI�H[SRVXUH�FDOFXODWLRQV�LQGLFDWH�FRQFHUQ�IRU�H[SRVXUH�WR�WHUSHQHV�DQG�ORZ�FRQFHUQ
IRU�H[SRVXUH�WR�WKH�HWKR[\ODWHG�QRQ\OSKHQROV���+RZHYHU��WKH�KD]DUG�YDOXH�IRU�WHUSHQHV�LV�EDVHG
XSRQ�DQ�RUDO�VWXG\�

:RUNHU�5LVN���,QKDODWLRQ�([SRVXUH

0DUJLQ� RI� H[SRVXUH� FDOFXODWLRQV� LQGLFDWH� D� YHU\� ORZ� FRQFHUQ� IRU� H[SRVXUH� WR� WHUSHQHV�
+RZHYHU��WKH�KD]DUG�YDOXH�LV�EDVHG�XSRQ�DQ�RUDO�VWXG\���'XH�WR�QHJOLJLEOH�H[SRVXUH��QR�FRQFHUQ
H[LVWV�IRU�H[SRVXUH�WR�WKH�HWKR[\ODWHG�QRQ\OSKHQROV�
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%ODQNHW�:DVK��

:RUNHU�5LVN���'HUPDO�([SRVXUH

0DUJLQ�RI�H[SRVXUH�FDOFXODWLRQV�LQGLFDWH�FRQFHUQ�IRU�H[SRVXUHV�WR�DURPDWLF�K\GURFDUERQV
DQG� HWK\OHQH� JO\FRO� HWKHUV�� DQG� YHU\� ORZ� FRQFHUQ� IRU� H[SRVXUH� WR� HWKR[\ODWHG� QRQ\OSKHQROV�
+RZHYHU��WKH�KD]DUG�YDOXH�IRU�DURPDWLF�K\GURFDUERQV�LV�EDVHG�XSRQ�DQ�LQKDODWLRQ�VWXG\���5LVNV
IRU�RWKHU�FKHPLFDOV�LQ�WKLV�IRUPXODWLRQ�FRXOG�QRW�EH�TXDQWLILHG�GXH�WR�WKH�XQDYDLODELOLW\�RI�KD]DUG
YDOXHV�

:RUNHU�5LVN���,QKDODWLRQ�([SRVXUH

0DUJLQ� RI� H[SRVXUH� FDOFXODWLRQV� LQGLFDWH� D� YHU\� ORZ� FRQFHUQ� IRU� H[SRVXUH� WR� DURPDWLF
K\GURFDUERQV�DQG�HWK\OHQH�JO\FRO�HWKHUV���'XH�WR�QHJOLJLEOH�H[SRVXUH��QR�FRQFHUQ�H[LVWV�IRU�WKH
RWKHU�FKHPLFDOV�LQ�WKLV�IRUPXODWLRQ�

%ODQNHW�:DVK��

:RUNHU�5LVN���'HUPDO�([SRVXUH

0DUJLQV� RI� H[SRVXUH� FDOFXODWLRQV� LQGLFDWH� FRQFHUQ� IRU� H[SRVXUH� WR�SHWUROHXP�GLVWLOODWH
K\GURFDUERQV�� �+RZHYHU�� WKH�KD]DUG�YDOXH� LV�EDVHG�XSRQ� LQKDODWLRQ�VWXGLHV�� �5LVNV� IRU�RWKHU
FKHPLFDOV�LQ�WKH�IRUPXODWLRQ�FRXOG�QRW�EH�TXDQWLILHG�GXH�WR�WKH�XQDYDLODELOLW\�RI�KD]DUG�YDOXHV�
6WUXFWXUH�DFWLYLW\� DQDO\VLV� LQGLFDWHV� D� PRGHUDWH� KD]DUG� FRQFHUQ� IRU� DURPDWLF� K\GURFDUERQV
EHFDXVH�RI�WKH�SRVVLEOH�SUHVHQFH�RI�FDUFLQRJHQLF�FRPSRXQGV���7KH�IDWW\�DFLG�GHULYDWLYHV�DQG�DON\O
EHQ]HQH�VXOIRQDWHV�DUH�RI�ORZ�FRQFHUQ�EHFDXVH�RI�WKHLU�H[SHFWHG�ORZ�UDWH�RI�GHUPDO�DEVRUSWLRQ�DQG
ORZ�WR�PRGHUDWH�KD]DUG�

:RUNHU�5LVN���,QKDODWLRQ�([SRVXUH

0DUJLQ� RI� H[SRVXUH� FDOFXODWLRQV� LQGLFDWH� YHU\� ORZ� FRQFHUQ� IRU� H[SRVXUH� WR� SHWUROHXP
GLVWLOODWH�K\GURFDUERQV���'XH�WR�ORZ�RU�QHJOLJLEOH�LQKDODWLRQ�H[SRVXUHV��WKH�SHWUROHXP�GLVWLOODWH
K\GURFDUERQV��DON\O�EHQ]HQH�VXOIRQDWHV��DQG�IDWW\�DFLG�GHULYDWLYHV�XVHG�LQ�WKLV�IRUPXODWLRQ�SUHVHQW
OLWWOH�RU�QR�FRQFHUQ��

%ODQNHW�:DVK��

:RUNHU�5LVN���'HUPDO�([SRVXUH

0DUJLQ�RI�H[SRVXUH�FDOFXODWLRQV�LQGLFDWH�FRQFHUQ�IRU�H[SRVXUH�WR�WHUSHQHV�DQG��YHU\�ORZ
FRQFHUQ�IRU�H[SRVXUH�WR�HWKR[\ODWHG�QRQ\OSKHQRO���+RZHYHU��WKH�KD]DUG�YDOXH�IRU�WHUSHQHV�LV�EDVHG
XSRQ�DQ�RUDO�VWXG\���5LVNV�IRU�RWKHU�FKHPLFDOV�LQ�WKLV�IRUPXODWLRQ�FRXOG�QRW�EH�TXDQWLILHG�GXH�WR
WKH�XQDYDLODELOLW\�RI�KD]DUG�YDOXHV��DOWKRXJK�QRQH�RI�WKH�FKHPLFDOV�SUHVHQW�PRUH�WKDQ�D�ORZ�WR
PRGHUDWH�KD]DUG�FRQFHUQ�EDVHG�RQ�VWUXFWXUH�DFWLYLW\�DQDO\VLV�

:RUNHU�5LVN���,QKDODWLRQ�([SRVXUH

0DUJLQ� RI� H[SRVXUH� FDOFXODWLRQV� LQGLFDWH� D� YHU\� ORZ� FRQFHUQ� IRU� H[SRVXUH� WR� WHUSHQHV�
+RZHYHU�� WKH�KD]DUG� YDOXH� LV�EDVHG�XSRQ�DQ�RUDO� VWXG\�� �'XH� WR� ORZ�RU�QHJOLJLEOH� LQKDODWLRQ
H[SRVXUHV��RWKHU�FKHPLFDOV�LQ�WKH�IRUPXODWLRQ�SUHVHQW�OLWWOH�RU�QR�FRQFHUQ��
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Table 3-9.  Occupational Risks Summarized by Formulation

Form.
Number Chemicals of Concern Toxicologic Concern* **

1 None

3 Hydrocarbons, aromatic kidney effects, urinary tract and enzyme effects,
(inhalation and dermal exposures) reproductive and developmental effects

4 Terpenes liver effects

5 Hydrocarbons, aromatic reproductive and developmental effects
Ethylene glycol ethers blood effects

6 Hydrocarbons, petroleum distillates blood effects
Hydrocarbons, aromatic possible presence of carcinogens

7 Terpenes liver effects

8 Propylene glycol ethers blood effects
Hydrocarbons, aromatic possible presence of carcinogens

9 None

10 None

11 Hydrocarbons, petroleum distillates blood effects
Hydrocarbons, aromatic possible presence of carcinogens

12 Hydrocarbons, petroleum distillates blood effects

14 None

16 Terpenes liver effects

17 Fatty acid derivatives possible concern for diethanolamine component
of salt

18 Hydrocarbons, petroleum distillates blood effects
Dibasic esters olfactory effects

19 None

20 Hydrocarbons, petroleum distillates blood effects
Hydrocarbons, aromatic possible presence of carcinogens

21 Hydrocarbons, aromatic reproductive and developmental effects
Hydrocarbons, petroleum distillates blood effects

22 Hydrocarbons, aromatic possible presence of carcinogens

23 Terpenes liver effects
Nitrogen heterocyclics developmental effects

24 Alkyl benzene sulfonates concern based on MOE from single dose study
Terpenes liver effects
Ethylene glycol ethers blood effects

25 Terpenes liver effects
Esters/lactones developmental effects

26 Esters/lactones developmental effects
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27 Terpenes liver effects

28 Hydrocarbons, petroleum distillates blood effects

29 None

30 Hydrocarbons, aromatic reproductive and developmental effects

31 Hydrocarbons, aromatic reproductive and developmental effects

32 Insufficient data for evaluation

33 Hydrocarbons, aromatic reproductive and developmental effects
Hydrocarbons, petroleum distillates blood effects

34 Terpenes liver effects

35 Hydrocarbons, aromatic reproductive and developmental effects

36 Hydrocarbons, petroleum distillates blood effects
Hydrocarbons, aromatic possible presence of carcinogens

37 Hydrocarbons, aromatic reproductive and developmental effects

38 Insufficient data for evaluation

39 Hydrocarbons, petroleum distillates blood effects
Propylene glycol ethers blood effects
Ethylene glycol ethers blood effects
Alkanolamines blood effects

40 Hydrocarbons, petroleum distillates blood effects
Hydrocarbons, aromatic possible presence of carcinogens

 Table lists only chemicals that triggered concern.  Formulations may also include other chemicals.  All concerns are*

for dermal exposures only unless otherwise specified.  Identification of chemicals of concern is based on Hazard
Quotient and Margin-of-Exposure estimates shown in Table 3-8.  The Hazard Quotient and Margin-of-Exposure
estimates do not necessarily apply to all of the toxicologic endpoints listed in this table.  Hazard Quotient and Margin-of-
Exposure calculations are usually based on a "NOAEL" or the "LOAEL" for the most sensitive endpoint.

 The "Toxicologic Concern" column lists adverse effects that have been reported in the literature for animal or human**

studies.  This is simply a qualitative listing of reported effects and does not imply anything about the severity of the
effects nor the doses at which the effects occur.  Furthermore, an entry in this column does not necessarily imply that
EPA has reviewed the reported studies or that EPA concurs with the authors' conclusions.  Toxicologic concerns are
described as follows: 

blood effects  = hematological effects, i.e., adverse effects on blood cells
carcinogens  = possible cancer causing agents
developmental effects  = adverse effects on the developing embryo, fetus, or newborn
kidney effects  = adverse effects on kidney physiology
liver effects  = adverse effects on liver physiology
olfactory effects  = adverse effects on nasal physiology 
reproductive effects  = adverse effects on the ability of either males or females to reproduce
"none"  = no concern at predicted exposure levels
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Blanket Wash 8

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate low concern for propylene glycol ethers and very low concern
for ethoxylated nonylphenol.  Risks for other chemicals in this formulation could not be quantified due to the
unavailability of hazard values.  Structure-activity analysis indicates a moderate hazard concern for aromatic
hydrocarbons because of the possible presence of carcinogenic compounds.  The other compounds in the
formulation present low to moderate hazard concerns.

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for propylene glycol ethers.  However, the
hazard value is based upon a subacute oral study.  Due to low or negligible inhalation exposures, other
chemicals in the formulation present little or no concern. 

Blanket Wash 9

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate a very low concern for ethoxylated nonylphenol.  Risks for
the fatty acid derivative could not be quantified but is expected to be very low based on structure-activity
predictions of low toxicity and poor dermal absorption.

Worker Risk - Inhalation Exposure

Due to negligible inhalation exposure, the chemicals used in this formulation present no concern.

Blanket Wash 10

Worker Risk - Dermal Exposure

Risk for this formulation could not be quantified but is expected to be very low based on structure-
activity predictions of low toxicity and poor dermal absorption of the fatty acid derivatives. 
 

Worker Risk - Inhalation Exposure

Due to negligible exposure, the fatty acid derivatives used in this formulation present no concern.

Blanket Wash 11

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for exposure to petroleum distillate hydrocarbons.
However, the hazard value is based upon an inhalation study.  Risks for the other chemicals in this formulation
could not be quantified due to the unavailability of hazard values.

Structure-activity analysis indicates a moderate hazard concern for aromatic hydrocarbons because
of the possible presence of carcinogenic compounds.  The alkyl benzene sulfonates are of low concern
because of their expected low rate of dermal absorption and low to moderate hazard.
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Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for exposure to petroleum distillate
hydrocarbons.  Due to low or negligible inhalation exposures, other chemicals in the formulation present little
or no concern. 

Blanket Wash 12

Worker Risks - Dermal Exposure

Margin of exposure calculations indicate concern for petroleum distillate hydrocarbons.  However the
hazard value is based upon an inhalation study.  Risk could not be quantified but structure-activity analysis
indicates a low to moderate hazard concern. 

Worker Risks - Inhalation Exposure

Margin of exposure calculations indicate very low concern for petroleum distillate hydrocarbons.  Risk
could not be quantified but is expected to be low because of low exposure and low to moderate toxicity.

Blanket Wash 14

Worker Risks - Dermal Exposure

Risks for this formulation could not be quantified but are expected to be low because of structure-
activity predictions of low toxicity for both the fatty acid derivatives and the propylene glycol ethers.  Also, the
fatty acid derivatives are expected to be poorly absorbed. 

Worker Risks - Inhalation Exposure

Due to negligible exposure, the fatty acid derivatives used in this formulation present no concern.
Risks for the propylene glycol ether are also expected to be low because of low exposure and its predicted
low toxicity.

Blanket Wash 16
 

Worker Risks - Dermal Exposure

Margin of exposure calculations indicate concern for exposure to terpenes.  However, the hazard
value is based upon an oral study.  Risks for the other chemicals in this formulation could not be quantified
due the unavailability of hazard values.  Structure-activity analyses of these compounds indicates low to
moderate hazard concerns.

Worker Risks - Inhalation Exposure

Margin of exposure calculations indicate very low concern for exposure to terpenes.  However, the
hazard value for terpenes is based upon an oral study.  Risks for the other chemicals in this formulation could
not be quantified but are expected to be low because of low exposures and low to moderate toxicity.
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Blanket Wash 17

Worker Risks - Dermal Exposure

Hazard quotient calculations indicate very low concern for propylene glycol ethers.  However, the
hazard value is based upon an oral study.  Margin of exposure calculations indicate very low concern for
ethoxylated nonylphenol and alkali/salts.  However, the hazard value for alkali salts is based upon oral values.
The alkanolamine component of the fatty acid derivative/alkanolamine salt presents a possible concern.
However, dermal absorption of the alkanolamine salt is likely to be lower than that of free alkanolamine. 

Worker Risks - Inhalation Exposure

Hazard quotient calculations indicate no concern for glycols.  However, the hazard value is based
upon an oral study.  Due to negligible inhalation exposure, ethoxylated nonylphenol, fatty acid derivatives and
alkali/salts present very low concern.  

Blanket Wash 18

Worker Risks - Dermal Exposure

Margin of exposure calculations indicate concern for petroleum distillate hydrocarbons and dibasic
esters.  However, the hazard values are based on inhalation studies.  Risk from the alkyl benzene sulfonates
could not be quantified but is expected to be low because of structure-activity predictions of poor absorption
and low to moderate toxicity.  Risk from esters/lactones is also expected to be low based on structure-activity
predictions of low toxicity.  
 

Worker Risks - Inhalation Exposure

Margin of exposure calculations indicate very low concern for petroleum distillate hydrocarbons and
dibasic esters.  Risks for other chemicals in this formulation could not be quantified but are expected to be
low due to low or negligible exposures and low to moderate hazard concerns.

Blanket Wash 19

Worker Risk - Dermal Exposure

Risks for this formulation could not be calculated due to the unavailability of hazard values.  However,
risks are expected to be low based on structure-activity predictions of low toxicity of propylene glycol ethers
and poor absorption and low to moderate toxicity of the fatty acid derivatives.

Worker Risk - Inhalation Exposure

Due to negligible exposure, the fatty acid derivatives present no concern.  Risks for propylene glycol
ethers are expected to be low because of low exposure and low hazard concern.

Blanket Wash 20

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for petroleum distillate hydrocarbons.  However,
the hazard value is based upon an inhalation study.  Risks for the other chemicals in this formulation could
not be quantified due to the unavailability of hazard values.  Risk from the alkyl benzene sulfonates is
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expected to be low because of structure-activity predictions of poor absorption and low to moderate toxicity.
Structure-activity analysis indicates a moderate hazard concern for aromatic hydrocarbons because of the
possible presence of carcinogenic compounds.

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for petroleum distillate hydrocarbons.  Risks
for other chemicals in this formulation could not be quantified but are expected to be low due to low or
negligible exposures and low to moderate hazard concerns.

Blanket Wash 21

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for aromatic hydrocarbons and petroleum distillate
hydrocarbons.  However, the hazard values are based upon inhalation studies.  Risk for the fatty acid
derivatives could not be quantified but are expected to be low based on structure-activity predictions of poor
absorption and low toxicity.

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for aromatic hydrocarbons and petroleum
distillate hydrocarbons.  Due to negligible exposure and predicted low toxicity and absorption, fatty acid
derivatives presents no concern. 

Blanket Wash 22

Worker Risk - Dermal Exposure

Risks for this formulation could not be calculated due to the unavailability of hazard values.  Structure-
activity analysis indicates a moderate hazard concern for aromatic hydrocarbons because of the possible
presence of carcinogenic compounds.  Risks from the fatty acid derivatives are expected to be low based on
structure-activity predictions of poor absorption and low to moderate toxicity.

Worker Risk - Inhalation Exposure

Risks could not be quantified but are expected to be low due to low or negligible exposures.

Blanket Wash 23

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate possible concerns for terpenes and nitrogen heterocyclics.
However, the hazard value for terpenes is based upon an oral study.  Risks for the alkoxylated alcohols could
not be quantified but are expected to be low based on structure-activity predictions of poor absorption and low
to moderate toxicity.

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for terpenes and nitrogen heterocyclics.
However, the hazard value for terpenes is based upon an oral study.  Risks for the alkoxylated alcohols could
not be quantified but are expected to be low based on low exposure and structure-activity predictions of poor
absorption and low to moderate toxicity.
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Blanket Wash 24

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for alkyl benzene sulfonates and terpenes, possible
concern for ethylene glycol ethers, and very low concern for ethoxylated nonylphenol.  However, the hazard
value for terpenes is based upon an oral study.   Risks for alkali/salts could not be quantified but are expected
to be very low based on structure-activity predictions of no absorption and low to moderate toxicity.

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for terpenes and ethylene glycol ethers.
However, the hazard value for terpenes is based upon an oral study.  Due to negligible exposure, the other
chemicals in this formulation present no concern.

Blanket Wash 25

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for exposure to terpenes and possible concern for
exposure to esters/lactones.  However, the hazard values are based upon oral studies.  Risks for other
chemicals in this formulation could not be quantified due to the unavailability of hazard values.  The other
chemicals are all terpene-type compounds and are rated as low to moderate hazard concern based on
structure-activity analysis.

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for exposure to terpenes and
esters/lactones.  However, the hazard values are based upon oral studies.  Risks for other chemicals in this
formulation could not be quantified but are expected to be low based on low exposure and structure-activity
predictions of low to moderate toxicity.

Blanket Wash 26

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for esters/lactones, and very low concern for the
fatty acid derivatives.  However, the hazard values are based upon oral studies.  Risks for the fatty acid
derivatives could not be quantified but are expected to be low because of structure-activity predictions of poor
absorption and low toxicity.

Worker Risk - Inhalation Exposure

Due to negligible exposure, the chemicals used in this formulation present no concern.

Blanket Wash 27

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for terpenes.  However, the hazard value is based
upon an oral study.  Risks for other chemicals in this formulation could not be quantified due to the
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unavailability of hazard values.  The other chemicals are all terpene-type compounds and are rated as low
to moderate hazard concern based on structure-activity analysis.

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for terpenes.  However, the hazard value
is based upon an oral study.  Risks for other chemicals in this formulation could not be quantified but are
expected to be low based on low exposure and structure-activity predictions of low to moderate toxicity.

Blanket Wash 28

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for petroleum distillate hydrocarbons.    However,
the hazard value is based upon an inhalation study.

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate low concern for petroleum distillate hydrocarbons.

Blanket Wash 29

Worker Risk - Dermal Exposure

Risks for this formulation could not be quantified but are expected to be low because of structure-
activity predictions of poor absorption and low toxicity for the fatty acid derivatives.

Worker Risk - Inhalation Exposure

Due to negligible exposure, the chemicals in this formulation present no concern.

Blanket Wash 30

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for aromatic hydrocarbons.  However, the hazard
value is based upon an inhalation study.  Risks for propylene glycol ethers could not be quantified due to the
unavailability of hazard values.  Structure-activity analysis indicates low hazard concern for propylene glycol
ethers.

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for aromatic hydrocarbons.  Risks for
propylene glycol ethers could not be quantified but are expected to be low based on low exposure and
structure-activity predictions of low toxicity.

Blanket Wash 31

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for exposure to aromatic hydrocarbons.  However,
the hazard value is based upon an inhalation study.  Risks for petroleum distillate hydrocarbons could not be
quantified due to the unavailability of hazard values.  Structure-activity analysis indicates low to moderate
hazard concern for petroleum distillate hydrocarbons.
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Worker Risk - Inhalation Exposure 

Margin of exposure calculations indicate very low concern for exposure to aromatic hydrocarbons.
Risks for petroleum distillate hydrocarbons could not be quantified but are expected to be low based on low
exposure and structure-activity predictions of low to moderate toxicity.

Blanket Wash 32

Worker Risk

Risks for this formulation could not be quantified due to the unavailability of hazard values.  Structure-
activity analysis indicates low to moderate hazard concern for petroleum distillate hydrocarbons.

Blanket Wash 33

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for petroleum distillate hydrocarbons and aromatic
hydrocarbons, and very low concerns for propylene glycol ethers.  However, the hazard values for petroleum
distillate hydrocarbons and aromatic hydrocarbons are based upon an inhalation study.

Worker Risk - Inhalation Exposure 

Margin of exposure calculations indicate very low concern for petroleum distillate hydrocarbons,
aromatic hydrocarbons, and propylene glycol ethers.

Blanket Wash 34

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concerns for terpenes and very low concerns for the fatty
acid derivatives.  However, the hazard values are based upon oral studies.  Risks for fatty acid derivatives
could not be quantified but are expected to be low because of structure-activity predictions of poor absorption
and low to moderate toxicity.  Risks for petroleum distillate hydrocarbons could not be quantified.  Structure-
activity analysis indicates low to moderate hazard concern for these chemicals.

Worker Risk - Inhalation Exposure

Margin of exposure values indicate very low concern for terpenes.  However, the hazard value is
based upon an oral study.  Due to negligible exposure, the fatty acid derivatives present no concern.  Risks
for petroleum distillate hydrocarbons could not be quantified but are expected to be low because of low
exposure and structure-activity predictions of low to moderate hazard concern.

Blanket Wash 35

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for aromatic hydrocarbons.  However, the hazard
value is based upon an inhalation study. Risks for petroleum distillate hydrocarbons could not be quantified
due to the unavailability of hazard values.  Structure-activity analysis indicates low to moderate hazard
concern for petroleum distillate hydrocarbons.
   



3.4  RISK CHARACTERIZATION

3-61

Worker Risk - Inhalation Exposure 

Margin of exposure calculations indicate very low concern for aromatic hydrocarbons.  Risks for
petroleum distillate hydrocarbons could not be quantified but are expected to be low based on low exposure
and structure-activity predictions of low to moderate toxicity.

Blanket Wash 36

Worker Risk - Dermal Exposure

Margin of exposure calculation indicate concern for petroleum distillate hydrocarbons, and very low
concern for propylene glycol ethers.  However, the hazard value for petroleum distillate hydrocarbons is based
upon an inhalation study.  Risks for other chemicals in this formulation could not be quantified due to the
unavailability of hazard values.  Structure-activity analysis indicates a moderate hazard concern for aromatic
hydrocarbons because of the possible presence of carcinogenic compounds.  Risks from fatty acid derivatives
are expected to be low because of structure-activity predictions of poor absorption and low toxicity.  

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for petroleum distillate hydrocarbons and
propylene glycol ethers.  Due to negligible exposure, the fatty acid derivatives present no concern.  Risks from
aromatic hydrocarbons could not be quantified but are expected to be low because of low exposure.

Blanket Wash 37

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate possible concern for aromatic hydrocarbons.  Risks for other
chemicals in this formulation could not be quantified due to the unavailability of hazard values.  The petroleum
distillate hydrocarbons are considered to present low to moderate hazard concerns according to structure-
activity analysis.

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for aromatic hydrocarbons.  Risks for other
chemicals in this formulation could not be quantified but are expected to be low because of low exposure and
structure-activity predictions of low to moderate hazard.

Blanket Wash 38

Worker Risk - Dermal Exposure 

Risks for this formulation could not be quantified due to the unavailability of hazard values.  The fatty
acid derivatives and alkoxylated alcohols are expected to present low risk because of structure-activity
predictions of poor absorption and low or low to moderate toxicity.  Petroleum distillate hydrocarbons present
low to moderate hazard concern according to structure-activity analysis.

Worker Risk - Inhalation Exposure 

Due to negligible exposure, the fatty acid derivatives present no concern.  Risks for petroleum distillate
hydrocarbons could not be quantified but are expected to be low because of low exposure and structure-
activity predictions of low to moderate toxicity.
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Blanket Wash 39

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for petroleum distillate hydrocarbons, ethylene glycol
ethers, and alkanolamines, and possible concerns for propylene glycol ethers.  However, the hazard value
for petroleum distillate hydrocarbons is based on an inhalation study.

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for petroleum distillate hydrocarbons,
propylene glycol ethers, and ethylene glycol ethers.  However, the hazard value used for propylene glycol
ethers is based on an oral study.  Due to negligible exposure, alkanolamines present no concern. 

Blanket Wash 40

Worker Risk - Dermal Exposure

Margin of exposure calculations indicate concern for petroleum distillate hydrocarbons and very low
concern for ethoxylated nonylphenol.  However, the hazard value for petroleum distillate hydrocarbons is
based upon an inhalation study.  Risks for other chemicals in this formulation could not be quantified due to
the unavailability of hazard values.  Structure-activity analysis indicates a moderate hazard concern for
aromatic hydrocarbons because of the possible presence of carcinogenic compounds.  Risks from fatty acid
derivatives are expected to be low because of structure-activity predictions of poor absorption and low toxicity.

Worker Risk - Inhalation Exposure

Margin of exposure calculations indicate very low concern for petroleum distillate hydrocarbons.  Due
to negligible exposure, fatty acid derivatives and ethoxylated nonylphenol present no concern.  Risks from
aromatic hydrocarbons could not be quantified but are expected to be low because of low exposure.

3.4.4  General Population Risks

1R�FRQFHUQV�ZHUH�LGHQWLILHG�IRU�JHQHUDO�SRSXODWLRQ�H[SRVXUHV�WKURXJK�GULQNLQJ�ZDWHU��ILVK
LQJHVWLRQ��RU�DPELHQW�DLU�DV�VHHQ�LQ�7DEOH��������3UHGLFWHG�H[SRVXUH�OHYHOV�LQ�WKHVH�HQYLURQPHQWDO
PHGLD�ZHUH�H[WUHPHO\� ORZ�� �7KH�FDOFXODWHG� ULVN�QXPEHUV�VKRXOG�EH�YLHZHG�DV� ORZ�FRQILGHQFH
HVWLPDWHV� EHFDXVH� RI� WKH�PDQ\� XQFHUWDLQWLHV� DVVRFLDWHG� ZLWK� ERWK� WKH� KD]DUG� DQG� H[SRVXUH
FRPSRQHQWV�RI�WKH�FDOFXODWLRQ���+RZHYHU��WKH�RYHUDOO�ULVN�FRQFOXVLRQ�FDQ�EH�UHJDUGHG�ZLWK�KLJK
FRQILGHQFH�EHFDXVH�DOO�RI�WKH�ULVN�HVWLPDWHV�IDOO�IDU�EHORZ�VWDQGDUG�ULVN�EHQFKPDUNV���7KXV��WKH
§WUXH¨� ULVN� YDOXH� FRXOG� YDU\� VXEVWDQWLDOO\� IURP� WKH� HVWLPDWHG� YDOXH� ZLWKRXW� FKDQJLQJ� WKH
FRQFOXVLRQ���,Q�DGGLWLRQ���D�JHQHUDOO\�FRQVHUYDWLYH�DSSURDFK��L�H��RQH�WKDW�RYHUHVWLPDWHV�WKH�ULVN�
ZDV�WDNHQ�LQ�WKH�DVVHVVPHQW���

$�0DUJLQ�RI�([SRVXUH��02(��RU�D�+D]DUG�4XRWLHQW��+4��JLYHV�DQ�HVWLPDWH�RI�WKH��PDUJLQ
RI�VDIHW\��EHWZHHQ�DQ�HVWLPDWHG�H[SRVXUH�OHYHO�DQG�WKH�OHYHO�DW�ZKLFK�DGYHUVH�HIIHFWV�PD\�RFFXU�
+D]DUG�4XRWLHQW�YDOXHV�EHORZ�XQLW\�LPSO\�WKDW�DGYHUVH�HIIHFWV�DUH�YHU\�XQOLNHO\�WR�RFFXU���7KH�PRUH
WKH�+D]DUG�4XRWLHQW�H[FHHGV�XQLW\��WKH�JUHDWHU�LV�WKH�OHYHO�RI�FRQFHUQ���+LJK�02(�YDOXHV�VXFK�DV
YDOXHV�JUHDWHU�WKDQ�����IRU�D�12$(/�EDVHG�02(�RU�����IRU�D�/2$(/�EDVHG�02(�LPSO\�D�ORZ�OHYHO
RI�FRQFHUQ���$V�WKH�02(�GHFUHDVHV��WKH�OHYHO�RI�FRQFHUQ�LQFUHDVHV���7KH�KD]DUG�YDOXHV�XVHG�LQ�WKH
+4�RU�02(�FDOFXODWLRQV�ZHUH�WDNHQ�IURP�7DEOH�������7KH�H[SRVXUH�YDOXHV�XVHG�LQ�WKH�FDOFXODWLRQV
ZHUH� WDNHQ� IURP� 7DEOH� ����� � 7KH� DEVHQFH� RI� +4� RU�02(� YDOXHV� LQ� WKLV� WDEOH� LQGLFDWHV� WKDW
LQVXIILFLHQW�KD]DUG�GDWD�ZHUH�DYDLODEOH�WR�FDOFXODWH�D�+4�RU�02(�IRU�WKDW�FKHPLFDO���
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Table 3-10.  General Po pulation Risk Estimates for Drinkin g Water, Fish In gestion , and Inhalation

Form. Drinking Fish Ingestion Inhalation
Number Chemical Components Water MOE MOE

MOE1,2

1,2 1,2

1 Fatty acid derivatives

Alkoxylated alcohols

3 Hydrocarbons, petroleum distillates

Fatty acid derivatives

Hydrocarbons, aromatic 1.6 × 105

Hydrocarbons, aromatic 2.0 × 104

Hydrocarbons, aromatic 3.0 × 10  (HQ)-5

Hydrocarbons, aromatic 7.1 × 10  (HQ)-5

Alkyl benzene sulfonates

4 Terpenes 8.0 × 104

Ethoxylated nonylphenol 8.8 × 103 5

5 Water 

Hydrocarbons, aromatic 1.2 × 105

Ethylene glycol ethers 4.5 × 104

Ethoxylated nonylphenol 7 × 103 6

Alkyl benzene sulfonates

Alkoxylated alcohols

Alkyl benzene sulfonates

Alkali/salts

6 Fatty acid derivatives

Hydrocarbons, petroleum distillates 6.0 × 105

Hydrocarbons, aromatic

Alkyl benzene sulfonates

7 Terpenes

Terpenes 3.0 × 105

Terpenes

Terpenes

Terpenes

Terpenes

Terpenes

Ethoxylated nonylphenol 2.3 × 103 7

Alkoxylated alcohols
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Form. Drinking Fish Ingestion Inhalation
Number Chemical Components Water MOE MOE

MOE1,2

1,2 1,2

3-64

8 Water 

Hydrocarbons, aromatic

Propylene glycol ethers 7.0 × 105

Alkyl benzene sulfonates 5.0 × 107

Ethoxylated nonylphenol 8.1 × 103 6

Alkyl benzene sulfonates

Alkoxylated alcohols

Alkyl benzene sulfonates

Alkali/salts

9 Fatty acid derivatives

Water

Ethoxylated nonylphenol 2.3 × 103 7

10 Fatty acid derivatives

Water

11 Fatty acid derivatives

Hydrocarbons, petroleum distillates 4.0 × 105

Hydrocarbons, aromatic

Alkyl benzene sulfonates

12 Hydrocarbons, petroleum distillates

Hydrocarbons, petroleum distillates 2.0 × 106

Water

14 Fatty acid derivatives

Propylene glycol ethers

Water

16 Terpenes 3.0 × 105

Terpenes

Terpenes

Terpenes

Terpenes

Terpenes

Terpenes

17 Ethoxylated nonylphenol 3.2 × 103 7

Glycols 1.0 × 10  (HQ)-5

Fatty acid derivatives

Alkali/salts

Water
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Form. Drinking Fish Ingestion Inhalation
Number Chemical Components Water MOE MOE

MOE1,2

1,2 1,2
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18 Fatty acid derivatives

Hydrocarbons, petroleum distillates 4.0 × 105

Hydrocarbons, aromatic

Dibasic esters 3.0 × 104

Dibasic esters 3.0 × 104

Dibasic esters 3.0 × 104

Esters/lactones

Alkyl benzene sulfonates

19 Fatty acid derivatives

Propylene glycol ethers

Water

20 Water

Hydrocarbons, petroleum distillates 8.0 × 105

Hydrocarbons, aromatic

Alkyl benzene sulfonates

21 Hydrocarbons, aromatic 2.5 × 105

Hydrocarbons, petroleum distillates 1.0 × 105

Fatty acid derivatives

22 Fatty acid derivatives

Hydrocarbons, aromatic

Water

23 Terpenes 1.0 × 105

Nitrogen heterocyclics 1.0 × 104

Alkoxylated alcohols

Water

24 Terpenes 4.0 × 105

Ethylene glycol ethers 1.1 × 104

Ethoxylated nonylphenol 1.5 × 103 7

Alkyl benzene sulfonates 5.0 × 106

Alkali/salts

Water

25 Terpenes

Terpenes 3.0 × 105

Terpenes

Terpenes

Terpenes

Terpenes

Esters/lactones 2.0 × 106
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Form. Drinking Fish Ingestion Inhalation
Number Chemical Components Water MOE MOE

MOE1,2

1,2 1,2
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26 Fatty acid derivatives

Esters/lactones

Fatty acid derivatives 1.3 × 10 6.3 × 108 5

Esters/lactones

27 Terpenes

Terpenes

Terpenes

Terpenes

Terpenes 6.0 × 105

Terpenes

Terpenes

28 Hydrocarbons, petroleum distillates 1.2 x 105

29 Fatty acid derivatives

30 Hydrocarbons, aromatic 7.0 × 104

Propylene glycol ethers

Water

31 Hydrocarbons, aromatic 2.5 × 105

Hydrocarbons, petroleum distillates

32 Hydrocarbons, petroleum distillates

33 Hydrocarbons, petroleum distillates 2.0 × 105

Hydrocarbons, aromatic 1.6 × 105

Propylene glycol ethers 1.0 × 106

Water

34 Water

Terpenes 4.0 × 105

Hydrocarbons, petroleum distillates

Alkoxylated alcohols 6.0 × 107

Fatty acid derivatives

35 Hydrocarbons, petroleum distillates

Hydrocarbons, aromatic 3.0 × 104

36 Fatty acid derivatives

Hydrocarbons, petroleum distillates 8.0 × 105

Hydrocarbons, aromatic

Propylene glycol ethers 2.0 × 106

37 D. I. Water

Hydrocarbons, petroleum distillates

Hydrocarbons, aliphatic

Hydrocarbons, aromatic 1.2 × 105
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Form. Drinking Fish Ingestion Inhalation
Number Chemical Components Water MOE MOE

MOE1,2

1,2 1,2
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38 Hydrocarbons, petroleum distillates

Alkoxylated alcohols

Fatty acid derivatives

39 Water

Hydrocarbons, petroleum distillates 8.0 × 105

Propylene glycol ethers 1.0 × 106

Alkanolamines 4.0 × 106

Ethylene glycol ethers 1.1 × 105

40 Hydrocarbons, aromatic

Hydrocarbons, petroleum distillates 8.0 × 105

Fatty acid derivatives

Ethoxylated nonylphenol 1.6 × 103 7

gives an estimate of the "margin of safety" between an
A Margin-of-Exposure (MOE) or a Hazard Quotient (HQ)          1

estimated exposure level and the level at which adverse effects may occur.  Hazard Quotient values below unity imply
that adverse effects are very unlikely to occur.  The more the Hazard Quotient exceeds unity, the greater is the level
of concern.  High MOE values such as values greater that 100 for a NOAEL-based MOE or 100 for a LOAEL-based
MOE imply a low level of concern.  As the MOE decreases, the level of concern increases.  The hazard values used
in the HQ or MOE calculations were taken from Table 2-3.  The exposure values used in the calculations were taken
from Tables 3-4 and 3-5.
The absence of HQ or MOE values in this table indicates no exposure is expected by this route or that insufficient2

hazard data were available to calculate a HQ or MOE for that chemical.
Based on testing data (Weeks, A.J. et al.  1996.  Proceedings of the CESIO 4th World Surfactants Congress,3

Barcelona, Spain.  Brussels, Belgium:  European Committee on Surfactants and Detergents, pp. 276-291.) the original
estimate of POTW removal has been changed from 100% reported in the draft document to 95% in the final report.
This revision results in increased estimates of releases to surface water.  When the releases to surface water are
compared with the concern concentration set at the default value of 0.001 mg/L, the formulations containing
ethoxylated nonylphenols (formulations 4, 5, 7, 8, 9, 17, 24 and 40) present concerns to aquatic species that were not
reported in the draft CTSA.
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([SRVXUH�WR�FKHPLFDOV�LV�MXVW�RQH�RI�WKH�VDIHW\�LVVXHV�WKDW�SULQWHUV�PD\�KDYH�WR�GHDO�ZLWK
GXULQJ�WKHLU�GDLO\�DFWLYLWLHV���3UHYHQWLQJ�ZRUNHU�LQMXULHV�VKRXOG�EH�D�SULPDU\�FRQFHUQ�IRU�HPSOR\HUV
DQG�HPSOR\HHV�DOLNH���:RUN�UHODWHG�LQMXULHV�PD\�UHVXOW�IURP�IDXOW\�HTXLSPHQW��LPSURSHU�XVH�RI
HTXLSPHQW�RU�E\SDVVLQJ�HTXLSPHQW�VDIHW\�IHDWXUHV��IDLOXUH�WR�XVH�SHUVRQDO�SURWHFWLYH�HTXLSPHQW�
DQG�SK\VLFDO�VWUHVVHV�WKDW�PD\�DSSHDU�JUDGXDOO\�DV�D�UHVXOW�RI�UHSHWLWLYH�PRWLRQV��L�H���HUJRQRPLF
VWUHVVHV����$Q\�RU�DOO�RI�WKHVH�W\SHV�RI�LQMXULHV�PD\�RFFXU�LI�SURSHU�VDIHJXDUGV�RU�SUDFWLFHV�DUH�QRW
LQ�SODFH�DQG�FRUUHFWO\�XVHG���7KH�XVH�RI�SHUVRQDO�VDIHW\�HTXLSPHQW�DQG�WKH�SUHVHQFH�RI�VDIHW\
JXDUGV�RQ�HTXLSPHQW�FDQ�KDYH�D�VXEVWDQWLDO�LPSDFW�RQ�EXVLQHVV��QRW�RQO\�LQ�WHUPV�RI�GLUHFW�ZRUNHU
VDIHW\��EXW�DOVR� LQ�UHGXFHG�RSHUDWLQJ�FRVWV�DV�D� UHVXOW�RI� IHZHU�GD\V�RI�DEVHQWHHLVP��UHGXFHG
DFFLGHQWV�DQG�LQMXULHV��DQG�ORZHU�LQVXUDQFH�FRVWV���0DLQWDLQLQJ�D�VDIH�DQG�HIILFLHQW�ZRUNSODFH
UHTXLUHV�WKDW�HPSOR\HUV�DQG�HPSOR\HHV�XQGHUVWDQG�WKH�LPSRUWDQFH�RI�XVLQJ�SHUVRQDO�SURWHFWLYH
HTXLSPHQW��KDYH�DSSURSULDWH�VDIHJXDUGV�RQ�PHFKDQLFDO�DQG�HOHFWULFDO�HTXLSPHQW��VWRUH�DQG�XVH
FKHPLFDOV�SURSHUO\��DQG�SUDFWLFH�JRRG�HUJRQRPLF�SURFHGXUHV�ZKHQ�HQJDJHG�LQ�SK\VLFDO�DFWLYLW\�
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7UDLQLQJ

$�FULWLFDO�HOHPHQW�RI�ZRUNSODFH�VDIHW\�LV�D�ZHOO�HGXFDWHG�ZRUNIRUFH���7R�KHOS�DFKLHYH�WKLV
JRDO��WKH�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ��26+$��+D]DUG�&RPPXQLFDWLRQ�6WDQGDUG
UHTXLUHV�WKDW�DOO�HPSOR\HHV�DW�SULQWLQJ�IDFLOLWLHV��UHJDUGOHVV�RI�WKH�VL]H�RI�WKH�SULQWLQJ�SODQW��EH
WUDLQHG�LQ�WKH�XVH�RI�KD]DUGRXV�FKHPLFDOV�WR�ZKLFK�WKH\�DUH�H[SRVHG��WKHUHIRUH��LW�LV�UHFRPPHQGHG
WKDW�D�IRUPDO�WUDLQLQJ�SURJUDP�EH�LQVWLWXWHG�IRU�DOO�ZRUNHUV�DW�OLWKRJUDSK\�SODQWV���7UDLQLQJ�PD\
EH�FRQGXFWHG�E\�HLWKHU�IDFLOLW\�VWDII�RU�RXWVLGH�SDUWLHV�ZKR�DUH�IDPLOLDU�ZLWK�WKH�OLWKRJUDSK\�SURFHVV
DQG�WKH�SHUWLQHQW�VDIHW\�FRQFHUQV���7KH�WUDLQLQJ�VKRXOG�EH�KHOG�IRU�HDFK�QHZ�HPSOR\HH��DV�ZHOO�DV
SHULRGLF�UHWUDLQLQJ�VHVVLRQV�ZKHQ�QHFHVVDU\��IRU�H[DPSOH��LI�QHZ�HTXLSPHQW�LV�WR�EH�XVHG���RU�RQ
D�UHJXODU�VFKHGXOH���7KH�WUDLQLQJ�SURJUDP�VKRXOG�H[SODLQ�WR�WKH�ZRUNHUV�WKH�W\SHV�RI�FKHPLFDOV
ZLWK�ZKLFK�WKH\�ZRUN�DQG�SUHFDXWLRQV�WR�EH�XVHG�ZKHQ�KDQGOLQJ�RU�VWRULQJ�WKHP��ZKHQ�DQG�KRZ
SHUVRQDO�SURWHFWLRQ�HTXLSPHQW�VKRXOG�EH�ZRUQ��WKH�QHHG�IRU�RWKHU�VDIHW\�IHDWXUHV�VXFK�DV�PDFKLQH
JXDUGV�DQG�WKHLU�SURSHU�XVH��DQG�KRZ�WR�PDLQWDLQ�HTXLSPHQW�LQ�JRRG�RSHUDWLQJ�FRQGLWLRQ�

6WRULQJ�DQG�8VLQJ�&KHPLFDOV�3URSHUO\�

%HFDXVH�OLWKRJUDSKLF�SULQWLQJ�UHTXLUHV�H[SRVXUH�WR�DQG�XVH�RI�D�YDULHW\�RI�FKHPLFDOV��LW�LV
LPSRUWDQW� WKDW� ZRUNHUV� NQRZ� DQG� IROORZ� WKH� FRUUHFW� SURFHGXUHV� IRU� XVLQJ� DQG� VWRULQJ� WKH
FKHPLFDOV���0XFK�RI�WKH�XVH��GLVSRVDO��DQG�VWRUDJH�LQIRUPDWLRQ�DERXW�EODQNHW�ZDVK�FKHPLFDOV�PD\
EH�REWDLQHG�IURP�WKH�0DWHULDO�6DIHW\�'DWD�6KHHWV�SURYLGHG�E\�WKH�PDQXIDFWXUHU�IRU�HDFK�FKHPLFDO
RU�IRUPXODWLRQ���06'6V�ZLOO�DOVR�DOHUW�WKH�ZRUNHUV�WR�WKH�QHHG�IRU�DSSURSULDWH�SHUVRQDO�SURWHFWLRQ
HTXLSPHQW���$OO�FKHPLFDOV�VKRXOG�EH�VWRUHG�LQ�DSSURSULDWH�VWRUDJH�VSDFH�DQG�VKRXOG�EH�ODEHOHG
DFFRUGLQJO\�ZLWK�DOO�IHGHUDO��VWDWH��DQG�ORFDO�UHJXODWLRQV���&KHPLFDOV�WKDW�DUH�LQFRPSDWLEOH�ZLWK
RWKHU� FKHPLFDOV�RU� WKDW� UHTXLUH� VSHFLDO�SUHFDXWLRQV� LQ� WKHLU�XVH�VKRXOG�DOVR�EH�DSSURSULDWHO\
ODEHOHG�DQG�VWRUHG���%HFDXVH�PDQ\�RI�WKH�FKHPLFDOV�XVHG�LQ�EODQNHW�ZDVK�IRUPXODWLRQV�DUH�KLJKO\
IODPPDEOH��LW�LV�UHFRPPHQGHG�WKDW�WKH�IDFLOLW\�EH�SHULRGLFDOO\�LQVSHFWHG�E\�WKH�ORFDO�ILUH�PDUVKDOO
WR�HQVXUH�WKDW�WKH�FKHPLFDOV�DUH�VWRUHG�SURSHUO\�DQG�YHQWLODWHG��WKXV�UHGXFLQJ�WKH�SRWHQWLDO�IRU�D
ILUH�

5DJV�RU�WRZHOV�WKDW�DUH�XVHG�WR�ZLSH�XS�FKHPLFDOV�RU�FOHDQ�EODQNHWV�PD\�EH�FRQVLGHUHG
KD]DUGRXV�ZDVWH�E\�(3$�DQG�VWDWH�DQG�ORFDO�DJHQFLHV�LI�WKH\�FRQWDLQ�VSHFLILHG�KD]DUGRXV�FKHPLFDOV
LQ�VXIILFLHQW�DPRXQWV���7KHVH�WRZHOV�VKRXOG�EH�VWRUHG�DQG�GLVSRVHG�RI�LQ�DFFRUGDQFH�ZLWK�WKH
IHGHUDO��VWDWH��DQG�ORFDO�UHJXODWLRQV���%ODQNHW�ZDVK�ZRUNHUV�VKRXOG�DOVR�EH�DZDUH�RI�WKH�SRWHQWLDO
IRU�VPROGHULQJ�RI�WKH�UDJV��SDUWLFXODUO\�WKRVH�WKDW�FRQWDLQ�WHUSHQHV���,I�D�SULQWHU�LV�XQFHUWDLQ�DERXW
ZKHWKHU�RU�QRW�WKH�XVHG�UDJV�RU�WRZHOV�UHTXLUH�VSHFLDO�WUHDWPHQW�DV�KD]DUGRXV�ZDVWH��KH�RU�VKH
VKRXOG�FRQWDFW�WKHLU�ORFDO�VWDWH�HQYLURQPHQWDO�DJHQF\��RU�VWDWH�WHFKQLFDO�DVVLVWDQFH�SURJUDP���)RU
IXUWKHU�LQIRUPDWLRQ�DERXW�WKH�VSHFLILF�VDIHW\�IDFWRUV�DQG�KD]DUGV�DVVRFLDWHG�ZLWK�VSHFLILF�FKHPLFDOV
XVHG�LQ�OLWKRJUDSK\�EODQNHW�ZDVK�IRUPXODWLRQV��VXFK�DV�IODPPDELOLW\�DQG�FRUURVLYLW\��VHH�6HFWLRQ
����&KHPLFDO�,QIRUPDWLRQ�

8VH�RI�3HUVRQDO�6DIHW\�(TXLSPHQW

$OWKRXJK�(3$�GHYHORSHG�WKH�'HVLJQ�IRU�WKH�(QYLURQPHQW�3URJUDP�WR�DVVLVW�LQGXVWU\�LQ
GHWHUPLQLQJ� WKH� HQYLURQPHQWDO� HIIHFWV� DQG� ULVNV� DVVRFLDWHG�ZLWK� YDULRXV� LQGXVWULHV��ZRUNHU
VDIHW\�LV�WKH�UHVSRQVLELOLW\�RI�26+$���0DQ\�SULQWHUV�DUH�DOUHDG\�IDPLOLDU�ZLWK�26+$
V�+D]DUG
&RPPXQLFDWLRQ�6WDQGDUG�ZKLFK�FRYHUV�PDQ\�DVSHFWV�RI�ZRUNHU�VDIHW\�IRU�D�YDULHW\�RI�LQGXVWULHV�
LQFOXGLQJ�SULQWLQJ�IDFLOLWLHV���26+$�KDV�DOUHDG\�GHYHORSHG�VHYHUDO�SHUVRQDO�SURWHFWLYH�HTXLSPHQW
VWDQGDUGV�WKDW�DUH�DSSOLFDEOH�WR�WKH�SULQWLQJ�LQGXVWU\���7KHVH�VWDQGDUGV�DGGUHVV�JHQHUDO�VDIHW\
UHTXLUHPHQWV�����&)5�3DUW������������WKH�XVH�RI�H\H�DQG�IDFH�SURWHFWLRQ��3DUW������������KHDG
SURWHFWLRQ��3DUW������������IRRW�SURWHFWLRQ��3DUW������������DQG�KDQG�SURWHFWLRQ��3DUW�����������
7KH�VWDQGDUGV� IRU� H\H�� IDFH�DQG�KDQG�SURWHFWLRQ�DUH�SDUWLFXODUO\� LPSRUWDQW� IRU� WKH�SULQWLQJ
LQGXVWU\� ZKHUH� WKHUH� LV� IUHTXHQW� FRQWDFW� ZLWK� D� YDULHW\� RI� FKHPLFDOV�� VXFK� DV� VROYHQWV�
GLVSHUVDQWV��VXUIDFWDQWV��DQG�LQNV��WKDW�PD\�LUULWDWH�RU�RWKHUZLVH�KDUP�WKH�VNLQ�DQG�H\HV���,Q



3.5  PROCESS SAFETY CONCERNS

3-69

RUGHU� WR�SUHYHQW�RU�PLQLPL]H�H[SRVXUH�WR�VXFK�FKHPLFDOV��ZRUNHUV�VKRXOG�EH�WUDLQHG� LQ�WKH
SURSHU� XVH� RI� SHUVRQDO� VDIHW\� HTXLSPHQW�� � )RU� PDQ\� EODQNHW� ZDVK� FKHPLFDOV�� DSSURSULDWH
SURWHFWLYH�HTXLSPHQW�LQFOXGHV�JRJJOHV�WR�SUHYHQW�FKHPLFDO�IURP�VSODVKLQJ�LQWR�WKH�H\HV�GXULQJ
WKH� WUDQVIHU� RI� FKHPLFDOV� IURP� ODUJH� FRQWDLQHUV� WR� VPDOO� RQHV�� DSURQV� RU� RWKHU� LPSHUYLRXV
FORWKLQJ�WR�SUHYHQW�VSODVKLQJ�RI�FKHPLFDOV�RQ�FORWKLQJ��DQG�JORYHV���,Q�VRPH�SULQWLQJ�IDFLOLWLHV
ZLWK�ORXG�SUHVVHV��KHDULQJ�SURWHFWLRQ�PD\�EH�UHTXLUHG�RU�UHFRPPHQGHG�

2WKHU�SHUVRQDO�VDIHW\�FRQVLGHUDWLRQV�DUH�WKH�UHVSRQVLELOLW\�RI�WKH�ZRUNHU���:RUNHUV�VKRXOG
EH�GLVFRXUDJHG�IURP�HDWLQJ�RU�NHHSLQJ�IRRG�QHDU�SUHVVHV�RU�FKHPLFDOV���%HFDXVH�SUHVVHV�FRQWDLQ
PRYLQJ�SDUWV��ZRUNHUV�VKRXOG�DOVR�EH�SURKLELWHG�IURP�ZHDULQJ�MHZHOU\�RU�ORRVH�FORWKLQJ��VXFK�DV
WLHV��WKDW�PD\�EHFRPH�FDXJKW�LQ�WKH�PDFKLQHU\�DQG�FDXVH�LQMXU\�WR�WKH�ZRUNHU�RU�WKH�PDFKLQHU\
LWVHOI���,Q�SDUWLFXODU��WKH�ZHDULQJ�RI�ULQJV�RU�QHFNODFHV�PD\�OHDG�WR�LQMXU\���:RUNHUV�ZLWK�ORQJ�KDLU
WKDW�PD\�DOVR�EH�FDXJKW�LQ�WKH�PDFKLQHU\�VKRXOG�EH�UHTXLUHG�WR�VHFXUHO\�SXOO�WKHLU�KDLU�EDFN�RU
ZHDU�D�KDLU�QHW�

8VH�RI�(TXLSPHQW�6DIHJXDUGV

,Q�DGGLWLRQ�WR�WKH�XVH�RI�SURSHU�SHUVRQDO�SURWHFWLRQ�HTXLSPHQW�IRU�DOO�ZRUNHUV��26+$�KDV
GHYHORSHG�VDIHW\�VWDQGDUGV�WKDW�DSSO\�WR�WKH�DFWXDO�HTXLSPHQW�XVHG�LQ�SULQWLQJ�IDFLOLWLHV���7KHVH
PDFKLQH�VDIHW\�JXDUGV�DUH�GHVFULEHG�LQ����&)5�3DUW����������DQG�DUH�DSSOLFDEOH�WR�DOO�VHFWRUV�RI
WKH�LQGXVWU\��LQFOXGLQJ�OLWKRJUDSK\���$PRQJ�WKH�VDIHJXDUGV�UHFRPPHQGHG�E\�26+$�WKDW�PD\�EH
XVHG� IRU� OLWKRJUDSKLF�SULQWHUV� DUH�EDUULHU� JXDUGV�� WZR�KDQG� WULS�GHYLFHV�� DQG� HOHFWULFDO� VDIHW\
GHYLFHV���6DIHJXDUGV�IRU�WKH�QRUPDO�RSHUDWLRQ�RI�SUHVV�HTXLSPHQW�DUH�LQFOXGHG�LQ�WKH�VWDQGDUGV
IRU�PHFKDQLFDO�SRZHU�WUDQVPLVVLRQ�DSSDUDWXV�����&)5�3DUW�����������DQG�LQFOXGH�EHOWV��SXOOH\V�
IO\ZKHHOV��JHDUV��FKDLQV��VSURFNHWV��DQG�VKDIWV���7KH�1DWLRQDO�3ULQWLQJ�(TXLSPHQW�DQG�6XSSO\
$VVRFLDWLRQ�KDV�PDGH�DYDLODEOH�FRSLHV�RI�WKH�$PHULFDQ�1DWLRQDO�6WDQGDUG�IRU�6DIHW\�6SHFLILFDWLRQV
IRU�3ULQWLQJ�3UHVV�'ULYH�&RQWUROV���7KHVH�VDIHW\�UHFRPPHQGDWLRQV�DGGUHVV�WKH�GHVLJQ�RI�SUHVV�GULYH
FRQWUROV�VSHFLILFDOO\��DV�ZHOO�DV�VDIHW\�VLJQDOLQJ�V\VWHPV�IRU�ZHE�DQG�VKHHW�IHG�SULQWLQJ�SUHVVHV�
3ULQWHUV�VKRXOG�EH�IDPLOLDU�ZLWK�WKH�VDIHW\�UHTXLUHPHQWV�LQFOXGHG�LQ�WKHVH�VWDQGDUGV�DQG�VKRXOG
FRQWDFW�WKHLU�ORFDO�26+$�RIILFH�RU�VWDWH�WHFKQLFDO�DVVLVWDQFH�SURJUDP�IRU�DVVLVWDQFH�LQ�GHWHUPLQLQJ
KRZ�WR�FRPSO\�ZLWK�WKHP�

,Q�DGGLWLRQ�WR�QRUPDO�HTXLSPHQW�RSHUDWLRQ�VWDQGDUGV��26+$�DOVR�KDV�D�ORFNRXW�WDJRXW
VWDQGDUG�����&)5�SDUW�������������7KLV�VWDQGDUG�LV�GHVLJQHG�WR�SUHYHQW�WKH�DFFLGHQWDO�VWDUW�XS�RI
HOHFWULF� PDFKLQHU\� GXULQJ� FOHDQLQJ� RU� PDLQWHQDQFH� RSHUDWLRQV� WKDW� DSSO\� WR� WKH� FOHDQLQJ� RI
EODQNHWV� DV� ZHOO� DV� RWKHU� RSHUDWLRQV�� � 7KLV� VWDQGDUG� KDV� SRVHG� SDUWLFXODU� SUREOHPV� IRU
OLWKRJUDSKHUV�GXULQJ�PLQRU��URXWLQH�SURFHGXUHV�VXFK�DV�FOHDQLQJ�WKH�SUHVV�ZKLFK�UHTXLUHV�IUHTXHQW
VWRSV�DQG�VPDOO�PRYHPHQW�RI�WKH�UROOHUV��LQFKLQJ��ZKLFK�PD\�EH�DFFRPSOLVKHG�ZLWKRXW�H[WHQVLYH
GLVDVVHPEO\� RI� WKH� HTXLSPHQW�� � )RU� VXFK� FDVHV�� 26+$� KDV� JUDQWHG� DQ� H[HPSWLRQ� IRU�PLQRU
VHUYLFLQJ� RI�PDFKLQHU\� SURYLGHG� WKH� HTXLSPHQW� KDV� RWKHU� DSSURSULDWH� VDIHJXDUGV�� VXFK� DV� D
VWRS�VDIH�UHDG\�EXWWRQ�ZKLFK�RYHUULGHV�DOO�RWKHU�FRQWUROV�DQG�LV�XQGHU�WKH�H[FOXVLYH�FRQWURO�RI�WKH
ZRUNHU�SHUIRUPLQJ�WKH�VHUYLFLQJ���6XFK�PLQRU�VHUYLFLQJ�RI�SULQWLQJ�SUHVVHV�KDV�EHHQ�GHWHUPLQHG
WR� LQFOXGH�FOHDULQJ� MDPV��PLQRU�FOHDQLQJ�� OXEULFDWLQJ��DGMXVWLQJ�RSHUDWLRQV��SODWH�DQG�EODQNHW
FKDQJLQJ�WDVNV��SDSHU�ZHEELQJ��DQG�UROO�FKDQJLQJ���5LJLG�ILQJHU�JXDUGV�VKRXOG�DOVR�H[WHQG�DFURVV
WKH�UROOV��DERYH�DQG�EHORZ�WKH�DUHD�WKH�EH�FOHDQHG���3URSHU�WUDLQLQJ�RI�ZRUNHUV�LV�UHTXLUHG�XQGHU
WKH� VWDQGDUG� ZKHWKHU� ORFNRXW�WDJRXW� LV� HPSOR\HG� RU� QRW�� � )RU� IXUWKHU� LQIRUPDWLRQ� RQ� WKH
DSSOLFDELOLW\�RI�WKH�26+$�ORFNRXW�WDJRXW�VWDQGDUG�WR�SULQWLQJ�RSHUDWLRQV��FRQWDFW�WKH�ORFDO�26+$
ILHOG�RIILFH�RU�WKH�3ULQWLQJ�,QGXVWULHV�RI�$PHULFD��,QF�
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